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Letter from the Regional Lead

The USDA RegionalClimate Hubs were establisheéd maximiseopportunities for sharingcientific
findingsabout current and future risks from changing clinveit peoplewho managevorking
landscapesThere is an opportunity for Hubs and scientists to work extiension agents and others to
developeffectiveand affordable ways @fdapting to climate changaad mitigating greenhouse gas
emissiors, andto develop accessible formats flisseminating these materialie Hubs camelp
develop and shateols and information thaupport thesefforts. Wethink this effort will helpfarmers,
ranchers, and priva forest owneranticipate future conditionsather than simplyeactto changesas
well ashelp themmakemore effectivedecisions aboutow to invest their time and resources.

Success in achieving this vision for the Hubs requires that we build much stronger bridges of
communication between scientists, extension agents, and stakeholders. This assessment is intended to
provide a foundation fahesecommunicatiorgoalsby describing whatve currently know and what we
understand are priority needs. We hdgswill stimulatereaction and discussi@mongthe people

working to improve and protetite resources and assetshe greatNorthwest landscapes in the face of
environmental changes that have already begun. We owe this much and more to future generations.

This assessment draws franharge bank of information developed by scientists and extensioialggisc
in the Northwestto describe where we needfteus wherdealing with climate riski working
landscapesThe changing climate has many secondary effeatsh as irrigation watdoss increassin
wildfire frequeng, andincreassin diseases and insect pest populatidsiting Arctic ice could lead to
theincreased prevalence of invasive species as well asmegimaltrade and shippind his assessment
sorts through these effects to highligitat we valueexplore howthose assets are at rigididentify
viable options for minimizing negativeffecs. It alsoseels to identify where additional research or ®ol
and outreach development is needed.

Beatrice Van Horne,

Northwest Climate Hub Lead



Northwest

1 Introduction

Landscapes are integral to the culture and economies Nbtilewvestregion. Natural and managed lands
and their resaees are valued locally, regionally, and nationally. The importance of agriculture to the
region is reflected in efforts to conserve productive lands; over the past 30 years, less land has been
converted from agriculture here than elsewhere in thiged Sates Producers and landowners in the
Northwesterrinited Statesirealreadyfacing challengefom a changing climate and increased weather
variability, andarealtering their management decisions as a result.

Cropping, timber harvest, and livestock ane@ng contributors to the regional econoidgarly a quarter

of the land area in these stateased foragriculturalproduction Agriculture in Oregon, Washington, and
Idaho produce8per cent of the region’s grNassoddmepbitatprac
around 17 percentoftidat i on’ s wheat dati & & (NptemalcAgrieuturab f t he
Statistics Service, 2014According to the Agricultural Marking Resource CentetWashington

produces 7@ercentof the apples in the United Stat¥¢ashington and Oregon producepé&scentof the
pearsand Washington/California/Oregon producep@rceniof the sweet cherriein Alaska, farming is
largely confired to the Matanusk8 u s i t n-8 u Vdlldy@4,000 sg. mipnd an area east of

Fairbanks Timber, fish, gameand other biological resources are important throughout the cash economy
and essential for many subsistence users, especially in ruraldrelsr remains a substantial

contributor to the economies of &blur states :

Examples of climate and weatledfecs include:

Reducednowwater storage Winter snowpack is
essential for meeting irrigation needs in the spring.
Reducedrecipitationfalling as snowesults in
reductions in snow water storadie the mountains,
higher temperatures can result in earlier snowraalt
increase in rain eventand a decrease in snow events.
This, in turnresults in lower surface water availability
during thegrowing seasoand high stream flows at
other timesThistrend began in th&980s, and
researchers predict that it will continue.

More frequentfires: The number of vidfires has
increased in the last decade @ngredicted to increase
even moreThesefires reducdimber yields alter
wildlife and fish habitatspncreasehe risk of soil
erosion, aneéxpandhe range of invasive annual
weeds on public and private rangelands.

Highertemperaturesinddrought Temperature and
precipitation changes caesult indrought heat stress
in crops and livestoglkand increase_s in plant diseasesFigure 1: Northwest Climate Hub Region

pests, inscts and weeds. Drought in tidorthwest can (Headquarters in Corvallis, OR). Legend: Cultivated
stress forest vegetation acigbate conditions condusive(brown), Grassland (tan), Forest (green), Developed
for outbreaks of bark beetles and other pesfter (red), Water (blue). Area represented: Alaska=656,42+¢

these outbreak$road swaths of dead treesnain sq miles, Washington=71,303 sq miles, Oregon=98,3¢
sq miles, and Idaho=83,574 sq miles.

! http://www.agmrc.org/
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1.1

Northwest

Description of the Region and KeyConcerns

In approaching this analysis we recognize three regions thashaxa geography and concerns:

Western Washington and Oregon This subregioris west of the Cascad@ountairs rangecrest and
includes moist forests and farmlanttshasa highethumanpopulation density than the otharbregions
Anticipated climateénduced changes include

A
A

> I >

>\

A

altering availablerop selections

an increase imsect and pathogen outbreakgarmland as well aanincrease in insect
outbreaks irforest land

an increase ienergylimited coastal temperate rain for@sbduction and carbon sequestration
changes itish habitat, population dynamics, and parasite infestatesdting fromtemperature
increaseand downstrearaffectsresulting from upstreamutrient dynamicghanges;

changes ihetiming and quantity of water delivery frostreamflowdominated bysnowmelt;
changes in human behaviors, choices, mitigjation activities;

increased aitemperaturs, decreasecklative humidity and associated increases in
evapotranspiration rates;

increasechuman population pressures on urban systems as a redlitate migratior(i.e.,
when climate change forces people to leave their horand)

reducedwvater availability for agronomic, natural, and urban systéunmg the summer dry
season.

Idaho and Central/Eastern Washington and Oregon: This subregiorhaschronically low rainfall.
Climate change wilexacerbate mbught stresby increasing the length of the dry segsormdsnowpack
loss will reduce seamflows Expecteceffects include

A

> DD DD

A

reducedproduction for some crops, especially specialty swith spedfic requirements
includingchangesn available crop choicetncreasednsect and pathogen outbreaks
farmlands, and increasemhdinsect outbreaks iforest land

changesn thetiming andamountof availablewater from streamflow dominated by snowalin
increasd drought stress and wildfire rigk forests and rangelands;

degradd fish habitatresulting fromdrought stress and increased temperature

changes to forest stand compositiesulting fromdrought andhe effects ofncreased
temperaturen tree production and survival

changes irecosystem carbon sequestration aydrologic cycles;

changes to urban tree health resulting from the effecitedasd temperature and air pollutipn
increass in air temperature and relative humidity, leading to increased evapotranspiration rates;
decreased soil moistulevels

reduced water availability for agronomic, natural, and urban systems;

increased water demand for livestock and crops stressedibyemperatures;

reducedsurface water qualitgesulting fromincreagdagricultural runoff;and

changes imaturalenvironmental flowsesulting from diversions cfurface water for irrigation.

Alaska: ManyAlaskan ecosystems are signficantly influenbgdhe presencef frozen watemwithin
glaciers, snowpagland permafrostCompared to other parts of the globlenate changecceleration
near thepolesgreatly accentuatdhe effects otlimate changén Alaskan environmentsparticularly in
the Soutkast regionincreased temperatures and decreased soil moisturalneadyor will produce

A

carbonloss from permafrostdegradatiorand riparian systemisruptions—both of which
dominateregionalcarbon and nitrogen cyclirdynamics—as well carbon lossom river and
coastal marine systems;
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increasednsect and pathogen outbraaik interior Alaska

drought and increased wildfire risk in interior Alas&adincreased fire frequency and intensity
throughout the state;

increased challenges florest regeneration;

increased challengés southeasAlaska wood production;

reduced agricultural production southern and interior Alaska

increased challengés southeasAlaska fisheries;

increased species invasion evemttich may be furtheexacerbated by emerging trade routes
that result from Arctic sea iaeductions

disruptions to northern and interior Alaska ungulate migration and populations dynamics;
shifts inspeciesoccupancy patterns across the landscape;

increasecealevel riseand loss of arctic sea itieat in turn affectoastal communitieand
animal habitas;

reduced sea idhat increasegansportation/economipportunitiesand

reduced success subsistence hunting and gathering.

> > I D> D>

1.2 Demographics andLand Use

Family forestandowners control about half the private forest land irNtithwest Much of this land is
located in lower elevations, along stream corridors, and near population cénteesabilities in these
three regions affect both natural ecosystems and mtmesively managed land3lants and animabsre
affected byeven small changes in climate, and changes in halébtading to local extinctions of range
restricted specie3he types of landscapes likely to be affected by these changes include

Natural or seminatural ecosystems:

Ecosystems that are particularly threatened include

low arctic tundra

low arctic alpine

coastal tundra

boreal forest

coastal temperate rain forest

mixed conifer forests on theest sideof the Cascade Range
pinedominatedmixed conifer foresti the Cascade Rangendnorthern Idab
pinedominated forests ddregoneastern Washingtoand southern Idaho

T 0 I I D D I

Highly managed agronomic lands:

The region contains some of t he Thesewmfounginte mo st
WillametteRiver Valleyin northwest Oregon, théolumbia RiverValley in eastern Washington and
north-central Oregonand the Sanke River Plain oéntral and southern Idah8maller areas includéne
MatanuskaSusitnavalley of Alaska the Palouse region ebutheast Washington and northeast Idaho,

and patchesf eastern Oregon, southwest Washingemtthe east side of Puget Sou@tops may be
directly affectedoy climate change$ut so will techniques f@oil enhancement, tidbe, irrigation, land
conservation, and the managemergwface wateand groundwateiSome of the biggestater

challenges will be aroundipply, infrastructurequality, andallocation Changes will be needed water
conservation, water restrictionsdordinances, and policy.

Rangelands:

These are mostly found aentral and eastern Washington and Oregadcentral and southern Idaho.
Climate changes resulting in more drought and extreme weather events is expected to sigppeddhe

Introduction
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of invasiveweeds through grasslands, shatdppe, and mixed conifer foresihis increase will be
exacerbated by increases in wildfsiee, frequency, and intensity.

Managed commercial forests:

These are mainly found inestern @egonandWashingtorand northernidaha Droughts and extreme
weather events associated with climate change are expected to exacerbate fire risk and could quickly
affectwood and biomass productieconomiesThe development ofsourceshat couldhelp

commercial foresters adapt to a chaggclimateinclude suggestions abaognil and hydrology
managementas well aghe identification oBuitablealternativevarieties of trees fareforestation stockt

will also be necessary to understand and address how associated economic changgsctviffected
regions and communities.

Alaska;

Vulnerabilities inAlaskadiffer from those in the other three northwesteatest becausaf the higher rate
of climate changghelargernumber of people economically and culturally dependent on natural
resourcesandthesignificant role offrozen moisturén the physical environmentlimate change effects
in Alaska are so rapid that they are difficult to anticipate, eventhéthest modelsiNative villagesand
other rural resident@reamongthe poplationsmaost heavily affectedBubsistence huntingndfishing
practices, access taditional foodsandtraditionallifestylesare threatenely these environmental
changesand in some casésve already been loglimate warming has already substaltyi reduced
glaciers, ice fields, and permafrost. Some of the most vulnerable resources include:

A Fish: Salmonids are sensitive to stream temperatndeannot spawn successfully in wam
streamemperatureassociated with climate chande addition,glacial meltalong the
southeastern coalsas increased the volume of cold water flowing into the oaglaich is
affecting marine and freshwater fisheriesh could also be at risk from increased shipping and
tradethat might resulfrom Arctic sea icdoss

A ForestsThe size intensity,and frequency of wildfires in interior Alaskaveincreased
significantly, and will likely double bytheyear 2050These changes) icombination with
changes in permafrost, river flows, and temperatures, have exdal forestossesForest
landowners throughout the state are concewititincreased fire frequency and intensity,
temperaturehangeswater supplyssues pests and disease, invasive species, species shifts, and
forest regeneration problems.

A Agriculture: Alaska has about 30,000 acres in crop produd@ibthis total 74 percents in
perennial hay crops, Z#&rcent isn grain crops, and gercent isn potatoes and vegetables.
More than 9(percentof crop production is locatad the Tanana and ManuskeSusitnaValleys,
although a much larger area of Alaska is probably suitable for cropping. It is possible that the
area suitable for crop productiarould expand under climate change, depending on water
availability, extreme storms, and energy &masportatiorcosts

A Rural communitiesPeople living in rural communities are amdhg populationsnost heaily
affected by climate changBubsistence hunting and fishing patterns have alreeely altereih
response to environmental changssociated with climate changeaditional foods and ways of
life are threatenedndin some caselsave already disappearéithawing permafrost and
increased evaporation have caused a substantial diectime number o€losedbasin lakes and
wetlands, with provide breeding habitat for millions of waterfowl and shorebirds that winter in
the lower 48 states. These wetland ecosystems and wildlife respuseate hunting and fishing
opportunities and are significant component8laskaNative ailtural practices and identity
Poor health in village residents has been linked toase dfNative foodssuch adish, seals,
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waterfowl, and caribawMelting permafrost can cause substantial damagerastructuresuch
astransportation, sewage systems, anddings

Practical Applications to Consider:

A Improve protection of spawning stregraspecially in southeast Alaska.

A Reduce fuels in vulnerable areas of the boreal forest.

A Review current regulations for protecting subsistence uses to accommodate chérges in
availability and sustainability dfaditional indigenous foods 6first foods”

1.3 General Climate Conditions, Extremes, andPast Effects

Northwestweather is highly variableverspace and time due to complex topographythadrographic
effectsof the Olympic, Coast, Cascadeid Rocky Mountain ranged/est of the Cascades, the weather is
dominated by maritime influencesid is characterized ligild temperatures, winter raiand drer
summersA significantly more arid continental climatefoundeast of the Cascadesith colder winters

and warmer summerSeasonalveathewariability is influenced by the El Nifio/Southern Oscillation
(ENSO) and Pacific Decadal Oscillation (PD8) Nifio cyclesincrease the probability of drier than
average winteconditions and warmer than average winter and spring conditiandifia conditions
increase the probability of cooler and wetter than average conditions in (Mater et al., 2013;
Ropelewski, 1986)nherent annual weather variability has a majiéecton agricultural productivity in

this region ad land managers are as interested in current weather as well as potential climate change
effects.Potential forecasting opportunities from ENSO relationships would significantly enhance current
management in addition providingtools formitigating thepotential effects ofongerterm climate

change.

TheNorthwestclimate is expected to become warmer, particularly in the summer, but with no net change
in total annual precipitatiof.he £asonal precipitation pattern, however, is expected tq msftling in
drier summers and wetter fall and winter peridgdgerall variability in precipitation and temperature is
expected to increase but with fewer cold temperature extrgviate & Salathe, 2010)or agricultural
production, egeneral increase in water stress due to warmer conditions, with no net increase in
precipitation,couldbe offset somewhat by enhang#dnt productivity due to increasing atmospheric
CO, concentrationg¢Eigenbrode et al., 2013; Mote et al., 2013; Smat al., 2013)Seasonal chages in
precipitation and temperature may have as naffdttas mean shifts in regional temperature and
increased weather variabilitigigenbrode et a(2013)list drivers of climate changeffects in this regbn
that haveifferenteffects on crop and animal production systemepending on the timing of
management practices and plant phenol®@ese includgincreases in average temperature for all
seasons, changes in growing season leagthift in precigiation from summer to wintgincreased
water stress (particularly in the summamnda persistent annual increase in atmospherig CO
concentratios

1.4 Summary of National Climate Assessment Bgional Climate Scenarios

The Northwest Region’s climat e i Bhewhestgrmregioofdi ver se
Oregon and Washingtaeceives considerably more precipitation than the eastern ragibdaho.The
regionalcoastal areas are the wettest in the camteusUnited Statesand the Cascade Range has had
historically large snowfallsSummers are typically dry amMdashington, Oregon, and Idahavethe

lowest frequency of convective storms in the contermitunited StatesTemperatures are typically

modeaate andannualprecipitationhas a wide range due to the western mountain rdKgekel et al.,

2013) Al a s kmatess aftettad by latitude, altitude, proximity to the ocean versus the continental

interior, and the seasonal distribution of seaAserage annual temperatures and precipitation vary

widely across Alaska. Alaska alsosubject to extreme weather and climate events affecting ecosystems,
human society, and infrastruce (Stewart et al., 2013)
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Temperature

Temperatures in the Northwest have been above average for the last 25 years both annually and
seasonall§; Five of the nine warmest summers have occisircke 1998Tablel provides the trends in
temperature increase/anontaly the Northwestfor the time period 189%2011. The most significant
anomaly § in the winter season, with 20°F/decade increase

(Kunkel et al., 2013) Table 1: 1895 2011 trends in
’ temperature anomaly (°F/decade) in the

Because averagmnualtemperatures in Alaskare near Northwest U.S. (not includind Alaska)

freezing,any increase i_n temperature iaaaprofoun_q effect. ‘ ST Iempefature

Warmer temperatures increase forest vulnerability to bark bet (°F/decade)

infestation whichin turnleads to moredeadwoodaccumulation | Winter +0.20

andincreasesvildfire risk. OnA | a s Kkenal Peninsulaa Spring

spruce beetle outbreak caused massive tree mortality that starfnmer +0.12

in the 1980s and continued for the next 20 years. Models predif@! +0.10

that as temperatures increastaskanspruce forests will be at | Annual +0.13

greater risk due to continued beetle outbreaks. Source: (Kunkel et al., 2013)

During the decade of the 2000s, wildfire buraedverageof 1.8 millionacress n Al ask,a’ s i nter

which wasb0 percenthigher than any previous decade since the 108t@svart et al., 2013Privers
include warmer springsearlier spring meltpnger growing seasonandincreased pest pressure.
Permafrost unddadsmuch of AlaskaHigher temperatures incregsermafrost thawingwhich then
activateseven aeper soil layerandallows fires to persist in the organsoil horizons of some forests.
Permafrost thawing caalsocreate various types of infrastructurkallengesRoads, runways, and
buildings may shift, break, or collapse as the ground beneaththlagr, softensand sinkgStewart et
al,, 2013)

Precipitation - |

yearshasbeen below the 1961960 I
precipitationaverageandwinter - osH
precipitation has been highly variabld
(Kunkel et al., 2013)in recent . ‘
decades, Adska has shown an o |
increase in precipitatioftewart et F 1
al., 2013) o o o o o o

0.7+ _

Annual precipitation in the Northwest] =« ¢ 1

has been highly variable since 1976 e oer 7
compared to thprevious75 years. 8 05
Precipitation intie majority of recent Z; -

S 0.afl i

cxtreme

Extremes

) ... . Figure 2: Time series of extreme precipitation index for the occurrence of
Anincreasednterannual variability in 1-day, 1-in-5-year extreme precipitation, for the Northwest region. The

extreme cold and hot periouas been dashed line is a linear fit. Based on daily COOP data from lorgerm

observedn the NorthwestHeat stations in the National Climatic
Network data set. Source(Kunkel et al., 2013)

2 See http://charts.srcc.Isu.edu/trends/ (LSU 2012) for a comparative seasonal or annual climaalysischf apecified from

the Northwest, using National Climate Data Center (NCDC) moatidiyannual temperature and precipitation daté&etskel

et al., 2013)

3 A temperature anomaly is a departure from a reference value over-tefongverage. Positive anomalies demonstrate that the
observed temperature was warmer than the reference satll@egative anomalies indicate the observed temperatures were
cooler than the reference val(iaunkel et al., 2013)
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waveshave occurred more frequentlyerthe last 20 yearsalong withan increase in the number of

intense heat episodes, which werep@écentabove the longerm average during the last 20 years. The
frequency of cold periods, on the other hand, has been low since 1990. All of the top ten years for intense
cold occurred prior to 199The increasing length of Northwdstezefree seasanhas ben trending

upward over the entire period (182811) during the 1992010interval, they are 11 days longer on
averagehanduringthe 19611990 time periodKunkel et al., 2013)

In Alaska, extreme precipitation events are highly variable and seasonal. Along the northern and
northwestern coasts of Alaska, an ireged number of strgrstorms haveeen observeduring the

absence oprotective sea ice cover in the summer and autumn months. A londesdcgeason amplifies

the effect of these strong stor&ewart et al., 2013 he extent of sa icealong Alaska coastlindsas
changed significantly due to recent climate variability (Sgare3), and the changes are most

pronounced in the summer and fall seasons. The most extreme minimum was observed in September
2012and wa9.7 million knf lower thanthe previous minimum record set in 20@tewart et al., 2013)

Expected Changes

According to model simulationspaual mean temperature increases across the Northwest are
unequivocal and large compared to historical temperature varidfioaf ostfree season isxpected to
increase by 285 days across much of the regiaiith larger increases occurring west of @a&scade
Mountains Increases in the number of hot daysmgkimumtemperature more than 95 are expected to
increase by up to 10 days per ygzartiaularly in the southeasteragion

Mean annual precipitation is also predicted to increases lexipected to vary significantly lsgason and
location Furthermore, model
simulationsindicatean increase in the
number of wet days (precipitation
greatetthan2.5 cn) across the region
particularly east of th€ascade Range
Because winter temperatures nearer th
coast can hover near freezing throughg
the winter, the risk of early fall and
spring freezes is greatest near the coas
(Kunkel et al., 2013)

Average annual tengpaturesand
precipitationin Alaskaare expected to
continue to increasavith the greatest
increases occurring in the northwesst
portions of the stat& he growing
season is also expected to increase by
much as 25 days in the southwestern a

southcentral parts of the states. - ——
Figure 3: Extent of sea ice in September of 1980 (outer red

PermafrOSt degdation |§ eXp_eCted t.O boundary), 1998 (outer pink boundary) and 2012 (outer white
continue and large declines in seaice poundary). Source:(Stewart et al., 2013)

extent are also expecté8tewart et al.,
2013)
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2 RegionalAgricul tured6s Sensitivity to CI
Strategies

Climate change is predicted to increase the frequency of extreme weather pattegridorthwestsuch

as summer drought and winter floodiligfects of these extremes will vary amaggpregions and
resourcesln moist and fertile valleys, such as the Columbia, Willamette, and Klamath River basins, most
of the rain falls in winter outside the growing season. Because the Coastal Range, Cascades and other
mountainranges in thé&lorthwestare lower in elevation compared to the Rockiesyarestrongly

influenced by oceanic moistyrand anual air temperaturesegenerallycloser to the freezing point than

air temperatures typical ofiore continental mountain rangés these regiongven small changes in

annual temperatures can result in significant changes ismaiw transition zones and the timing of

spring snowmeltDams and reservoiere used extensively to store water for irrigation and other uses

and the reservoirs are latgeeplenished by snowmelt runoff frothe Cascades, Rocky Mountains and
other rangesWinter warming cameduce snowfall amounts and increase rainfall amounts, which could
lead tosummer water shortages for agriculture and hgléairicpowerunless watemanagementi

storage eservoirs is adjusteatcordingly Groundwater is also used ferigation butin many areas
groundvater levels have dropped precipitoustyddeeper wells are needetb pump even lovguality

water laden with mineralfndividual farmers can quickly lose access to waterdeel for irrigation.

Additional winter raincan also result ifloods and saturated soilghich leads to increased topsoil loss

and harmsoil structure and fertility.

The effects of climate change on drylandd eangelands raises different conceffisere ardarge areas
of nonvirrigated agricultural lands in the arid portions of central Washingtmuthern ldahoeastern
Oregon and he Columbia Plateau in Washingt@regon, and Idahthatsuppors cereatbasd cropping
systemsln these areas, increasing temperatures can lead to summer dryimig@uadiven soil erosion;
climate change may alsmweate conditions thaupportthe increased survival and spreaglaintdiseass
andpests such as cereal aphids

American Indiartribes are greatly concerned about the effects of climate change on traditional hunting,
fishing, and gathering activitieReservationdndsandceded lands provide resources and habitats
essential focommunity cohesigrincludingcultural, medicinal, and economic usé#e tribeshave
longstanding ties to the&nds and cannot migrate esvironmentatonditionsand faunal populations

shift or change altogethéFhe potential effets of climate change were not includedastors when

water and other treaty rights westablished, and these agreememdy need to be modified amsure

that accesto key tribal resourceis retainedas the landscape changes.

Increasing climate variability ancew temperature and precipitatioendsdirectly affect agriculturand
addto uncertaintieaboutensuringfood security anddentifying costeffective practices for profitable
agricultural productionMaintaining agricultural production with an increaginvariable climate requires
maintaining consistergnergy and watesupplies andemaining flexiblen adapting crop choices and

crop management to future climate conditioreble2pr ovi des a summaregionaf t he

climate risks, effects, adaptati andinformation needed

Regional Agriculture’s Sensitivity to CIli
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Table 2: Summary of Northwest Climate Risks, Effects, Adaptationand Tools by Sector

Sector Climate Risk Effect

Decreased fertility

Genetic selection for more

Adaptation

heattolerantlivestock
breeds

Information Needed

Breed information

Increased infections

Provide heat abatement
strategies for animals (e,g.
shade structures)

Cost/benefit information,
given climate projections

Increased heat stres

Decreased growth

Adjusttiming of livestock
rotation to reduce erosion
and exposure to solar
radiant energy.

Seasonal temperature
projections

Decreased milk

Conduct selectivelant

Seed availability

filling

c
2 production breeding information
3 Decreased foliage . . Seasonal forage condition
o] - Adjust foliage management o
o Decreased productivity projections
o Decreased soil Reduce soil erosion using . .
X snowpack : X NRCS information
= decreased summer moisture accepted practices.
rainfall Work with municipalities to| Water availability and
Increased erosion | maintain consistergnergy | demand projections, NRC
and watesupplies tools (such aRUSL2?)
Increased coverage | Irrigate pastures; reduce | Seasonal heat and rainfall
of woody conifers animals/acre projections
Increased Decreased forage | Adjusttiming of livestock | Seasonal forage condition
temperatures productivity rotation projections
Decreased .
- . Forage nutritional
nutritional value of | Adjustforage management| . .
information
forage
Dec_r(_aased Adjusttiming and spatial
nutritional value of o A .
] Decreased summer forage distribution of grazing Seasonal rainfall
O § | rainfall — . projections
o5 Increased coverage | Shifts in grazing areas
] =) of woody conifers
QL o i i L .
= Increased invasive Alternativelivestock breeds| Information about breeds
S Increased weeds
temperatures Increased coverage e . Monitor and manage
. Shifts in grazing areas . .
of woody conifers invasiveplans
o Earlier applications of
= Advanced growing | fertilizers, pest controls;
q) .
o o degree days earlier harvest, changed
B Changes in timing crops andotations
£ g | and amount of Decreased water
© recipitation A S i i
. g | Precp availability for Adjusttiming of farm ;?esxk;?ir\}izt a::/ag)rﬁs(l:hlc‘in?lgte
3 irrigatedfarming operations S '9
5 2 : projections
=T operations
G Increased C® Decreased water Alternativevarieties and
.% concentrations demands crop systems
o Heat stress Decreased grain Alternativevarieties

4 RUSLE? refers to the Revised Universal Soil Loss Equation, Version 2
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Increased water
demands

Sector Climate Risk Effect Adaptation

Improve irrigation
efficiency

Information Needed

Fruits, tree nuts, and berries

Advanced bud break

Alternativevine and tree
varieties

Increased heat and

Increased water
demands

Increased irrigation

drought stress

Increased pests

Increased monitoring and
reporting oflocal and
regional outbreaks

Increased winter

Increased fungal

Increased spraying

rainfall patho_gerg,srain especially grape, che(ry an
cracking: apple alternativevarieties

Decreased cold Decreased fruit

temperature and | production

chilling

Delayed bud break

Decreased water
availability for

Decreased fruit

irrigation production
Increased C® .
concentrations Increased yields

Alternativevine and tree
varieties

Cost/benefit analysis of
cropping systems, given
climate projections and

varieties available

Vegetables, melons, potatoes and sw

potatoes

Decreased snowpac

Decreased
availability of
irrigation water

Adjustcropping systems

Cost/benefit analysis of
cropping systems, given
climate projections and

varieties available

Earlierrainfall

Increased water
demand

Increased irrigation

Seasonal rainfall
projections

Increased Increased water S Seasonal temperature
Increased irrigation e
temperature demand projections
Shifting growing Decreased potato Develpp and_ use later Information on potato
. maturing varieties (delayed L
season yield varieties

leaf senescence)

Increased C®

Increased potato

yield

2.1

HighertemperaturesHigher temperatures directly affect crop and livestock production, with secondary

Cropping Systems Overview of Risks, Vulnerabilitiesand General
Adaptation Strategies

effectsresulting from reducegnowpackdrier soils,increasedrosion, andhe migration and spreaof

pests and disea$erther rorth and to higher elevatior®n averagethe frostfree period is expected to

lengthen, especially into the fallhe longer growing season may influetice selectiorof crops and

varieties.Slower growth in beef cattle and lower milk production in dairy cattle are also associated with

highertemperatures.

® Sweet cherries crack because of rain near harvest causing major losses in the cherry industry. This disorder is characterized
splitting of theoutside layer of the cherry skin called the cuticle. The splitting most commonly appears around the stem bowl,

where water can accumulate, but is also seen on other areas of the cherryJadiole & Schrader, 2005)

Regional Agriculture s

Sensitivity to CIli
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Decreased chilling hourssome tree fruits require cold temperatures to produce the best yield and quality.
I d a HPayette County, the Willamette Valley in Oregon, and central Washington are major producers of
tree fruits, wiereaswvestern @egon and the Columbia River Basin are increasingly important-grape
producing areafroduction of emefruit varieties and crops may shift northward or to higher altitudes,
although often these specialty crops are dependent on irrigation systats cald complicate spatial

shifts.

Drought andfloods Warming in theNorthwest issignificantly reducinghe amount of water held in the
snowpack, so that on average streamflows increase during the winter and early spring but decrease in late
spring througlsummer and early falChanging water availability patterns will require improved water
management strategiedo respond to both water shortages as well as increased interngigcipitation

eventsIn addition to local flood control measuresiaptatios toflooding will need to include

management to increasailorganiccontent,as well ago reducesoil erosion, compaction, acidification,

and salinizationlrrigation water will need to be managed for the longer growing season.

Grains, oilseeds, driedbeans and dried peas

The 2012 Agricultural Cens2014)ists 11,611 farm operations in tidorthwestthat generate3.5

billion in sales for grains, oilseeds, dried beaml dried peaglimate change in thBorthwestis

expected to affect these crops via heat and drought stress, the need to adjust production management for
changes in precipitation timing and amoun¢siuced water availability forrigation, and potential

positive effecs of increased C{roncentrationgSnover et al., 2013)

Heat stresaffectswheat production by accelerating leaf senescence and reducing photosynthesis and
subsequent grain fillingFerris et al., 1998; Ortiz et al., 2008)hile increasing temperaturesthe short
termmay result in earlier crop maturity and increasedaghd winter wheat yieldghese same
temperatures may eventually haflowering and subsequent grain format{@tockle et al., 2010)
However,increased atmosghic CQ concentrationare also expected to resultgreaterfertilization and
wateruse efficiencyThe combined effect aflarming air temperatures aimtreasedCO, concentration

are expected to increase grain yields bydlP5 percentn the shorterm androm 23 to 35percentoy

the end of this centur§Btockle et al., 2010)Jnder some future climate scenariog|g projections could

be further enhanced by planting as much as two weeks €8tibekle et al., 2010)

Fruits, tree nuts, and berries

The 2012 Agricultural Cens2014)listed 9,89 farm operations in thdorthwestthat netteds3.4

billion in agricultural sales for fruits, nytand berriesClimate change in the Northweastexpected to
affect these crops viacreased heat and drought stress, changes in cold tempetatiimg requirements
for fruit production, reduced water availability for irrigation, and potential positive effects of increased
CO, concentrationgSnover et al., 2013)

General warming caimterfere withfruit and berry production due to chilling effects budbreak,

flowering, and fruit productionand may suppornore rapid phenological developménatwill reduce

the amount of time for fruit developmeuchene & Schneider, 2005; Snover et al., 2013; Stockle et al.,
2010) Coolclimatewine grapevarieties currently grown in thidorthwestrequire significant chilling
conditions to produce highuality fruit andunder future warming scenarittsnay be necessary to shift
production to warmegrape varietie¢Diffenbaugh et al., 2011; Jones, 2007; Snover et al., 2B18hg

air temperaturemay also alter typical weather conditions so significantly that the colder temperatures
needed by current fruit and nseéecrops for vinter chilling requirementso longer occurAs a result,
producers may need to switch to alternative walimate cropvarieties that are currently grown at lower
latitutdes(Eigenbrode et al., 2013; Luedeling et al., 2011)

Regional Agriculture’s Sensitivity to Climat
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IncreasedCG, levelswill have a fertilization effect on these crops if sufficient water is avaikgiteckle

et al., 2010)When CQ effects ardactored in overall climate change projections for this class of crops
predict an increase in wine grape yields of as much aeib@ntin the next centur{Stockle et al.,

2010) The introduction ohewapplevarietiesadapte toalonger growing seasaould increase net
regional yieldsn the next centurgs much as 1Percent(Stockle et al., 2010Jruit, nut and berry
productionmay requiremoreirrigation tomeettheincreased water demasdssociated witlvarmerair
temperaturg(Snover et al., 2013)

For irrigated grape, cherry, and apple crops, increased winter precipitation associated with climate change
may increase the risk from fungal pathogens, whitdgertemperatures may increase the risk from insect
pests(Stockle et al., 2010)

Vegetables, melons, potatoeand sweet potatoes

The 2012Agricultural Census listed 6,407 farm and ranch operations in the Northwest yielding $2.5
billion in agricultural sales. Principal climate change effects on vegetables, melons, potatoes and sweet
potatoes include reduced availability of irrigation wated potential positive effects of increased,CO
concentrationgSnover et al., 2013)

Annual cropping systems throughout therthwestare dependent on irrigation to compensate for
extremely low summer precipitatigiigenbrode et al., 2013Air temperature increases associated with
climate change will also increase crop demand for water, which will necessitate increased levels of
irrigation for successful productidfrischer et al., 2002However, the amount of water stored in
reservoirs and tapped for irrigation use will likely be reduced because of reduced snowpeatiend
spring snowmel(Fritz et al., 2011; Mote, 2006; Nayak et al., 2010; Stewart et al., 2005)

Potato crops in this region are projected to exhibit signifigihd declines due to the effectbwarming
temperatureswith as much as a 3#&rcentdecline by 208@Rosenzweig et al., 1996; Stockle et al., 2010;
Tubiello et al., 2002)This reduction is primarily due toslortenedjyrowing season that will accelerate
leaf senescence aimttrease plant stress ldsewhich will reduceduber growth and tuber qualifplva et

al., 2002; Stockle et al., 2010; Timlinat, 2006) In grain production systems, these effects can be
mitigated with earlier planting, but this strategy will not work in potato production sy$Ramssnzweig

et al., 1996; Stockle et al., 2010)

Increased atmospheric GEoncentations will have a positive effect on potato productiwat will help
mitigatethe effects of increased temperatur8sit the most effective adaptation strategy may require
development and utilization of lateraturing plant materials that delay leaf ssx@nce until later in the
growing seasofSnover et al., 2013; Stockle et al., 2010)

2.2 Livestock Systems Oveview of Risks, Vulnerabilities and General
Adaptation Strategies

Some of the most productive and diverse rangelands are follmtivestshrub steppe areasd
depend omainfall for productivity and sustainabilitifhese lands support a wide diversfyplans and
animak and are usetb support livestock grazingreas of bare ground throughout rangelacaistribute
to the relative fragility of these ecosystenesving thenespecially sensitive to local rainfall events,
drought, extreme heat, and kaaf snow packRangeland restoration can improve the resilience of
rangeland ecosystems under potential climate change scenarios.

Regional Agriculture’s Sensitivity to Climat
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Dairy Production

Oregon, Washingtgrand Idaho produce Jdercent 6theNa t i o n ’'Ins201&10Orégkn Washington,
andldahohad 1,424 dairy farmthat generateti4,326,728or 19.8percenibf total agricultural products
sold (National Agricultural Statistics Service, 2014)

Dairy production in thé&lorthwestis vulnerable to risks associated with climate change, including

increased temperature. Heat stress in dairy animals can be attributed to high temperatures, high humidity
and radiant energydeat stress reduces milk production in dairy cows éswllawers successful

reproduction rates, which in turn affects dairy producéindresults inU.S. dairy losses &§897 million
annually(St-Pierre et al., 2003)

Even periods of heatressas short a8 hours can have lorigrm effects on fertility in male and female
cattle, resulting in reduced reproductive performahieat stress can lower resistance to the onsewf
infections such as mastitidigher temperatures are also associatitd dower growth in calves and
heifers,as well adower milk production in lactating dairy cattl€urrent breeding practices that favor
dairy cattletraits such as increased milk production and larger animals have also resldteering heat
tolerarce, which in turn increasdisestockenergy expenditureseeded to offset the physical effects of
heat stresddeat abatement strategies, such as shade structuresrfdnentilated barns acest
effective strategies that producers in all three statraise to reduce heat stress in their herds.

Indirect or secondary effects of climate change may also reduce milk prodDaionfarms require
water to grow grains and forages to feed and water cows and to wash and cleaampaokber

facilities. Reduced snowpaskdrier soils, andncreasecerosion may reduce tlavailability of high
producing lands. Decreased summer rainfall and increased temperatures are predicted tthiacrease
spread ofvoody conifersas well aseduce forage productivityna nutritional value.

Adaptation to these changes may include:

A Genetic selection for more hetaterant breeds of livestock (e.g. smaller cattle with reduced feed
and water requirements)

Providingheat abatement strategies for animals (e.g. shade sésictur

Adjustingtiming of livestock rotation to reduce erosion and exposure to solar radiant;energy
Conductingselectiveplantbreeding to producearietieswith increased tolerance to higher
temperatures and drier conditipns

Reducingsoil erosionwith accepted practices

Working with municipalities to maintain consistegniergy and watesuppliesincluding plans

that account for reducemerall hydroelectric productiofrom a changed climate.

> > >

Mitigation Opportunities

The Northwest is a leader in adopting anaerobic digestion (AD) as a manure management technology on
dairy farms. Anaerobic digesters process manure to produce biogas used to generate electricity. In
addition to being a source of renewable energy dhuretreatment prevents loss of methane, a potent
greenhouse gas, to the atmosphere. Washington, Qegbidaho host a total of 13 manirased
digestersTwo digesters in Oregon are currently producingll@vVIW of power andother digester

projects are imlevelopmen{Sullivan, 2012)

Cattle and calf production

The 2012 Agricultural Census listed 29,215 farm and ranch operationsNiottisvestthat netteds3.7
billion in agricultural salegNational Agricultural Statistics Seng¢2014). Principal climate change
effects on cattle and calf production in therthwestinclude potential changes in forage qualéyg,well

Regi onal Agr i c wlClimate @hange aSdeAdaptation Sirategigs t
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aschanges in forage availabilifypom the proliferation and expansion of invasive weg@lslley et al.,
2013; Snover et al., 2013

Warming effects on rangeland productivity willry across existing precipitation gradients within the
Northwest(Eigenbrode et al., 201.3Varming temperatures will have a greater positive effectamt p
biomass production where water is less limiting, but will exacerbate drought stress in areas of lower
precipitation, particularly in the summ@kbatzoglou & Kobten, 2011)Rangeland species in this region
principally regenerate from seehd an increase in water stress during the summer will lower
reproductive viability of native perenniglSvejcar et al., 2014)n the absence of physical barriers,
warming micreclimatic conditions will result in net migration of rangeland plant communities to higher
elevatiors (Chamiers et al., 2014)

Studies in the short and t@gtass prairies of the Great Plains have shown increased productivity and
decreased forage quality under increased temperature and atmosphearanCdtrationgMorgan et al.,

2004; Wan et al., 2005previous research on seasonal precipitation and temperature effects on perennial
forage grasses in tidorthwestindicate that warmer and wetter winter and spring periods will increase
overall biomass production bregduceforage qualitGanskopp & Bohnert, 2001ncreased growth

rates and productivity from higher G@oncentrations would also be offset by soil nutrient limitations

and a resultingeductionin forage quality(lzaurralde et al., 2011; Rey et al., 2013)

Invasive annual weeds expand their coverage and range in response to most types of disturbance,
including climate changé€Chambers et al., 2014; Chambers et al., 2007; Polley et al.,. Z)tgrass
(Bromus tectorunh..) currently dominates millions of hectares of rangeland in the Intermountain west and
is expected to continue range expansion under both current and potential future climate regimes
(Abatzoglou & Kolden, 2011; Bradley, 2010; Chambers et al., 2007; D'Antonio & Vitousek, 1992;
DiTomaso, 2001; Knapp, 1996Yheatgrass is expected to shift its range northwanekgional

temperatures increase and summer pittion decreasg®8radley, 2009; Bradley et al., 200&levated

CO, will exacerbate this effecas cheatgrass and other important rangeland weeds in this region are C3
speciegDukes et al., 2011; Polley et al., 2013; Smith et al., 2000; Ziska et al., 2005)

Cheatgrass grows primarily in the spring when water is available and senesces in late spring when water
becomes limitingRice et al., 1992)Sagebrush species in the shatbppe of Idaho and eastern Oregon
start growth in mid to late spring and continue growing through the summer if water is available.
Anticipated climate change will have a relatively higaBecton these shrubsince theyare more
dependent on summer precipitatitwoik, 2007; Rice et al., 1992J he gowth and expansion of
cheatgrass will be magnified by feedbacks between cheatgrasagmaad fire frequencgs well as

direct effects of climate change on the length and severity of the wildfire dgdsinoglou & Kolden,
2011; Miller et al., 2011)Elevated levels of COnay support increased cheatgrass growth and lower its
nutritional value as a foradéiska et al., 2005)Livestock that prefer to graze on more nutritious forage
will increase the likelihood that cheatgrass will be availablestp fuel rangeland wildfires, which will
increase fire risks associated with climate change.

One way to mitigate the effects dfmate changés by alteringgrazing managemeta increase carbon
sequestration, but using this approach on arid andaagniangelands is currently not castective.
(Joyce et al., 2013; Svejcar et al., 20@8)apting toclimate change may requiagljustinggrazing
management schedules and locations, introdUiagtock breeds that are more adapted to warmer
temperatures, and probaldliyifting grazing landistributionsas plant communities migrate and adjust to
new climatic regimegJoyce et al., 2013)

Regional Agriculture’s Sensitivity to CIli
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3 Forest SystemsOverview of Risks, Vulnerabilities and General
Adaptation Strategies

In Oregon forestry directly employs 76,000 employees and generates $5.2 billion in total income
(Oregon Forest Resources Institute, 20Ib)Vashingtonthe forest industry provides over 100,000 jobs
and $4.%oillion in income(Washington Forest Protection Assdima, 2015) while in Idahgit generates

$4.2 billion dollars annually and employs over 20,000 pe@gého Forest Production Commission,

2015) In addition to timber and other forest products, forests provide wildlife habitat, clean air and water,
and recreation opportunities, so indirect contributions to the economy are also glbstant

Some of the most significant risks to forests inNtoethwest, including famiowned forests and
woodlandsinclude drought, increased wildfieventsincreasednsect infestations, extreme weather
events, and potential species shifts.

Drought Weather variability raises the probability of severe drought, high winds, ice storms, and
landslides in any single year, as well as a decreased snowpack in the mountains.

Wildfire: The predicted changes in temperature and rainfall patterns and extrenuemtiilie to
increase the forest area burned each yeaich in turn will increasesoil erosion, flooding, and weed
invasion.

Insect infestationsThe survival and spread ajrest pests and diseases will also be favored, exacerbating
tree mortality incycles of fire, pests, and invasivegetation

Species shiftSome models predict a shift in species and habitat types in resp@msértmmental
changes, especially in areas watprojected decreases in annual precipitation and increased temperatures
such as subalpine and alpine fosest

Family forests andwoodlands

Family forest landowners control over perceniof the private forest land in the United Stet@stler,

2008) In theNorthwest family-owned forests make up more than 6,900,000 acres; it is estimated that
more than 200,000 families each own between 5 and 10,000 acres in Oregon, Washington, Idaho and
Alaska(U.S. Forest Service, 2006)

Forest Systems: Overview of Risks, Vulnerabilities and General Adaptation Strategies
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Figure 4: Forest Ownership in the Northwest Region
Source: Washington Forest Protection Association; Idaho Forest Production Commission; Alaska Resource Development
Council (Oregon Forest Resources Institute, 2015)
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Source(Alaska Resource Development Council, 2015; Idaho Forest Production Commission, 2015; Oregon Forest Resources

Institute, 2015; Washington Forest Protection Association, 2015)

Vulnerabilities of Northwest Forests

Vulnerabilities by forest type are provided below. Different forest types are vulnerable to climate change

in different waysso,adaptation strategies will vary by region and forest tyjgnerabilities will be
more severe in 2100 tham 2050.

Forest Systems: Overview of Risks, Vulnerdigii and General Adaptation Strategies
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A Coastal forests (spruce, western hemlock)
Maritime climateis becoming more like temperature foresbDouglasfir may become more
dominant but will also be at higher risk for diseases such as Swiss needle cast and Armillaria root rot.

A Lowland forests (Douglasdfir, Douglas-fir -mixed)
Forests will experience more severe and possibly longer periods of water limitation during the
growing season, primarily due to reduced snowpack and lower soil moisture levels. Consequences
include reduced seedling reggation and tree growth and increased mortality from insects and more
frequent fires. With warming temperatures, insect population cycles may be altered and result in
greater survival and expansion into higher elevations. The number of Ddiugless 5 expected to
decline in the drier parts of its range.

A Sub-alpine/Mountain forests (true fir, mountain hemlock, grand fir, western larch)
Evidence suggests higher elevation forests may experience increased tree growth, especially for
species that are engrimited as opposed to watbmited. However, the extent of subalpine forests
is expected to decline with increasing temperatures and may become more suseptible to damage from
of insects, disease and fire.

A Eastside forests (ponderosa pine, lodgepole pihaiper)
In fire-adapted ecosystems, forests may experience more indirect effects of climate change from
changes in the disruptive agents. For example, more intense fires may occur more frequently as
drought conditions persist. Forests are expecteddonbe less resistant to insect outbreaks such as
mountain pine beetle and diseases. Fuel treatments, such as thinning and prescribed fire, will cause a
small overall reduction in carbon storage over long time scales and large landscapes, but allows one
to control carbon release in puls@®estaino & Peterson, 2013)

Additional considerations

A Suitable climate for many ecologically and economically important tree species in the Northwest may
change considerably by the end of the 21st century, and some vegetation types, such as subalpine
forests, may become very limited in their ranges.
Changps in forest structure and composition will be driven primarily by disturilsance
Climate changenay affect the productivity ofarthwest forests.
Forestswill likely become increasingly watéimited; droughs will occur over larger areas and
become moreevere.
Drier, warmer conditions are likely to increase the area buanadallyby forest fires.
The frequency and location afdect outbreaks are likely to change as forests become more
susceptible due to climatic stressors (e.g., drought)asclimate conditions that favor outbreaks
shift.
Climate changevill probably affectforest disease outbreaks, lpgineralizations are difficult to make
because climatic influencesll probably be pecies and hostspecific.
A Climate change may increagisturbances such as fire, which may alter cafegalsstored in soils
and vegetatiomand reducehe ability of foresecosystems to sequester carbon.

D> >

>

3.1 Adapting Forest Management to Climate Change

A recent study of family forest owners in Washington, Oretgtah)g and Alaska found that although

study participants had varying degrees of skepticism, bgdisfsconcerns regarding climate change,
most were interested in learning about potential climate cheffeges to their forest§Grotta et al.,

2013) The study results indicate that transparency, local context, uncertainty, risk analysis, and forest
managemet and policy implications are key codsrationgor developing extensiooutreacho address
climate change.

Forest Systems: Overview of Risks, Vulnerabilities and General Adaptation Strategies
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A TransparencyExtension and research can supp@msparencyy understanding family forest
owners’ concerns and attitudes regarding cl i mat e
transparency include clarifying how grant funding affects research focus and results, and clearly
outlining peer review processes and other research quality controls, and developing meaningful
stakeholder participation.

A Local frame of referencRur al resi dents’ views of global envi
local conditiongHamilton et al., 2012Many show that information sources that reflect an
i ndividual s cul tural c¢ on tshkapirtg peocepticssridies@ooteefet pl ac e
al., 2010; Grotta et al., 2013; Kahan et al., 2007)

A Understanding modelling and uncertainiodeling is a key tool for understanding climate change
projectimns, yet skepticism towards models is common across the general public and in the media
(Akerlof et al., 2012)Extensiorcan help landowners use models as decision making tools.
Programming to increase understanding of how models are developed and used (e.g., predictions vs.
projections), how model quality is evaluated, and sources of model uncertainties can help landowners
navigate climate science. Discussing model projections many people use every day (e.g., weather and
economic forecasts), and models that have long been used within forestry (e.g., forest growth and
yield models) may be helpful. Given their interest in l@sBrmation on temperature, precipitation,
and potentiakffecss, landowners need to understand the risk of applying larger scale model
projections to finer local scales. An understanding of model outputs and their associated uncertainties
is important n analyzing the risks and benefits of adaptation strategies.

A Mitigation: Many participants wanted to learn about potential markets associated with climate
mitigation tools such as carbon markets or biofuels. At the time of our study, cap and tradeéngas be
debated nationally, which may explain the extent to which participants discussed carbon markets.
Currently, fewl.S.family forest owners are participating in carbon markétade & Moseley,
2011)or showing interest in doing §dhompson & Hansen, 2013j cap and trade remerges,
programming on the detaiof carbon markets may be of interest to forest landowners. Additionally,
some forest owners are interested in learning more about carbon sequestration ,pegsicksss of
whether they receive payments for carbon offsets.

Adaptation strategies

A Monitoring: Most climate change effects will manifest themselves as forest health problems such as
stress and the inability to successfully fend off insects and pathogens. Keeping an eye on forest
conditions is importanespeciallyfor signsof insect and disease outbreaks, increased populations of
invasive species, weak and dying trees, reduced growth, and crown dieback.

A Increase resiliende Thinningstands of tree® promote growth anthereleaseof suppressed tes
will support the devepment ofmore resilient forestover time. A diversity of tregenotypes,
speciesand agewill add toforestresilience, as some trees will respond differently to changing
conditions.Specific management activitie®uld includethinning overstocked ahds andbuilding
seed banks.

A Assisted species migratioAlthough still a topic of debate, planting new native or fredive
species imnotherapproach to adaptatioBonsiderationsncludefinding species that are adapted to
current conditiongfinding varieties with desirable initial survival rates, and types that are able to
adapt to changing conditions or predicted future conditions.

The U. S. For est Ser hdabildy otaesdcial oreecgical system td absom distuabances tiile retaining
the same basic structure and ways of functioning, the capacity fargalization, and the capacity to adapt to stress and
changé (U.S. Forest Service, 2011)
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4 Greenhouse Gas (GHG) Emissions Profile from Agriculture and Forests
within the Northwest Region and Mitigation Opportunities

Agriculture in theNorthwestregion including
crop, animal, and forestry productiagrsults
in net greenhouse gas (GHG) emissiof . L
approximately-58 teragranfscarbon dioxide Northwest Region Highlights
equivalent (Tg C®@eq.) whichrepresents A

net storage of GHG emissio(is.S.
Department of Agriculture, 2011n the
region, croprelated nitrous oxide (JD)
emissions aréne largest contributor to GHGs
at about 6 Tg C&eq., followed by methane
(CHy) from enteric fermentation (4 Tg GO
ed.), CH and NO frommanure management
(1 Tg CQ eq.), and rice cultivation (1 Tg GO
eq.). Forestry is the largest contributor to net
carbon storage ab9 Tg CQ eq, followed by
soil carbon stock changes-&tTg CQ eq?®

Wheat, beef cattle, and poultry are the
primary agricultural commodities

produced in theNorthwest

The largest source of GHG emissions in
the region is BO from croplands.
Increases in carbon storage in 2008 offset
GHG emissiongresulting in GHG net
storage.

The greatest mitigation potential is
available fromadoptingland retirement
management practices.

Incorporating longerm reduced and ro

- till management practicggovides a good
4.1 Soil Carbon Stock Changes opportunity for additionategional @arbon
In both agricultural andorested soils, land use sequestration.
and managemeghangesesulted imet
carbonsequestration of 1.0 Tg G@q. in pacific Northwest

2008 Specifically, cropland production
changes on mineral soilesulted in net
positive emissions di.5 Tg CQ eq.,while
changes in hay productieequestered 0.7 Tg
CO; eg. and land removed from agriculture
and enrolled in the Conservation Reserve
Program sequestered 0.9 Tg£&g In
contrast, agricultural production on organic
soils which have a much higher organic
carbon content than mineral lpresulted in
net positiveemissions of 0.1 Tg C{&q.

-

K-

%,

-40

Em\‘ssionigg CO, Eq.)
w
o

Tillage practices contribute to saérbon
stock changedlable5 provides the tillage
practicedor different crops irthe Northwest
Hub. Management practices that utilize
reduced till or no till can contribute to
increasectarbonstorage over timalependhg
on site specific conditions.

” A teragram (Tg) is 1012 grams, which is equivalent tkllegrams and 1 million metric tons.
8 Net carbon storage is the balance between the release and uptake of carbon by an ecosystem. A negative sign indicates that
more carbon was sequestered than greenhouse gases emitted.
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Table4: NorthwestEstimates of

Annual Soil Carbon Stock Changes |
Major Land Use and Management Table5: Tillage Practices in theorthwestRegion by Crop Typépercent of acres
Type, 2008

utilizing tillage practice)

Reduced

Other

b b Conservation
; Till Till Tillage®
Net Change, 0.49 Comn  [242,288 |N/A |N/A N/A N/A
Cropland
Net Change, Hay |-0.69 Wheat |2,026,071 |10.2% [26.6% |35.5% 27. ™0
CRP -0.94 Total 2,268,959 |- - - -
Agricultural Land 014 ":)Source: USDA2011)
on Organic Soils : Source: USDA ER$2011)
Total® 1.00 N/A: Not availble

Source: USDA2011)

@ Annual cropping systems on minerz
soils (e.g., corn, soybean, and wheal
®Total does not include change in so
organic carbon storage &ederal
lands, including those that were
previously under private ownership,
and does not include carbon storage
due to sewage sludge applications.

4.2  Nitrous Oxide (N,O) Emissions

In 2038, N,O emissions in th&lorthwestRegion were 6.0 Tg C{&qg. Of these emissions, approximately
3.3 Tg CQ eq. were emitted from croplands and 2.7 Tg, €@ were emitted from grasslaridBhe
majority of croprelatedN,O emissions in the region are from the minor crops.

As indicated inTable6, the majority of NO direct emissions are from corn cropke rate of both direct
and indirect NO emissionsesulting from the use of nitrogdrased fertilizers is affected by how much
fertilizer is used to amend the soils ahé time of yeathatsoils are amendedTable7 indicates the
percenageof national acres that did not mdettilizer applicationrate orapplication scheduleriteria as
defined by Ribaudo et g2011) These dteria are definethy bestmanagemenpractices fompplication
rates and time§ hebest practice rat®r bothcommercialfertilizer andmanures defined aspplying no
morethan 40 percent ofitrogen thatvasremoved with the crop at harvédetermined byhe stated
yield goa), including any carryowefrom the previous croff.he best practicer schedule application
criterion is defined as neimending soils witlitrogen in the fall for a crop plantéa the following
spring(Ribaudo et al., 2011Acreageghat do not meehe criteria represent opportunities for GHG
mitigation.

9 Including both direct and indirect emissiofistble6 includes onlydirect emissions from crops.
19 birect N,O emissions are emitted directly from agricultural fields and indirg®t émissions are emissions associatet Wit
losses from volatilization of N as ammonia (§Hhitrogen oxides (NOx), and leaching and runoff

Greenhouse Gas (GHG) Emissions Profile from Agriculture and Forests within the Northwest Region and
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Table 6: Direct Nitrous Oxide (N,O) Emissions by Crop Table 7: National Percent of Acres Not Meeting Rate
Type and Timing Criteria (Percent of Acres)
Direct N,O Percento f Re . ]
Crop Type Emissions Cropland N,O : Crop EOt MR _ll\_l'ot_Meetlng
(Tg COz€eq.) Emissions Gl 'ming
Hay 0.51 20.2% Corn 35% 34%
Corn 0.38 14.9% Sorghum | 24% 16%
Wheat 0.37 14.7% Soybeans | 3% 28%
Barley 0.03 1.1% Wheat 34% 11%
Non-Major Source(Ribaudo et al., 2011)
Crops 1.24 49.1%
Total 2.53 100.0%

Source(U.S. Department of Agriculture, 2011)

4.3 Livestock GHG Profile

Livestock systems in thidorthwestfocus primarily on the production of swine, beef and dairy cattle,
sheep, poultry, goats, and horsEsere were over 42 million head of poultry in the region in 2008. Cattle
(beef and dairy) have a population of overiion headin the Northwest(U.S. Department of
Agriculture, 2011) Nearly 79 percent of the cattle in tlegion are beef cattle. As with patterns in
livestock production across the country, the primary source of GHGs from livestock ierfteric
fermentationwhich is thedigestive process thatoduce methangeferred to agnteric CH). In 2008,
Northwestlivestock produced about 4.2 Tg €€x. of enteric CH' Most of the remaining livestoek
related GHG emissions are from manure management praetltiel produce both CiHand NO2In
2008,CH4 and NO emissions frommanure management in tNerthwestresulted in about 1.4 Tg GO

eg., with the majority attributed to GKlJ.S. Department of Agriculture, 2011)

Enteric Fermentation

The primary emitters of enteric Gldre ruminants (e.g., cattle and sheep). Emissions are produced in
smaller quantities by other livestock, such as swine, horses, and goats.

Because of theigreater body weight and increased eneggpirements for extended periods of lactgtion

theperhead emissions of enteric Gfor Table 8: Emissions from Enteric Fementation in the Northwest, in
dairy cattle are 40 to 50 percent greater _ Tg of CO, eq. and as a Percent of Regional Emissions
than for beef cattledairy cattle average.2 FNEEA Category Tg CO, eq. Percento f ~ Regi,o
metric tons C@eq. /head/yeamwhile beef Enteric Emissions
cattle averagé.6 metric tons fobeef in Beef Cattlé 2.84 67.6%
2008(U.S. Environmental Protection Dairy Cattlé 1.33 31.7%
Agency, 2014)However, in theNorthwest Goat§§ 0.00 0'02/0
region, 79 percent of all cattle are beef gﬁ;se% 881 82(;0
cattle,sothdr overall contribution to Swine : ' 0°
; . ) . win 0.00 0.0%
enteric CH emissions is much higher than Total 219 100.0%

for Qairy cattle(U.S. Department of 2 Source: USDA2011)
Agriculture, 2011) Table8 provides CH ® Source: Based on animal population from US@2a11)and emission
emissions by animal types for 2008. As  factors as provided in IPC2006)

indicated, the mayity of emissions are

from beef and dairy cattle.

1 The enteric Cliemissions total for the region includes cattle and other animals.
12| jvestock respiration also produces carbon dioxidejCiut the inpacts of ingesting carbemased plants and expelling €O
result in zerenet emissions.

Greenhouse Gas (GHG) Emissions Profile from égture and Forests within the Northwest Region and
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Emissions from Manure Management Systems

Manure management in ti\orthwest Table 9: 2008 Emissions from Manure Management in th&lorthwest, in
resulted in 1.0 Tg C&eq. of CHand 14 of CO, eq. and as a Percent of Regional Emissions

0.4 Tg CQ eqg. of NO in 2008.Table : .
9 provides a summary of Gknd NO . Methane  Nitrous Oxide

g . . . n Tg Tg
emissions by animal category. Dairy [E\EE6ld @8 =llelUElile]y CO, eq. Percent CO, eq.

Percent

waste accounts for the majority of  [geef Catle| 1,993,661 |0.06 | 6% 013  |33%
manure emissionspntributing84 Dairy
percent of Chland 58 percent of #0. | Cattie | 028262 088 184%  10.22  158%

. Goat$ 54,122 0.00 0% - -
Livestock numbers vary from farmto [, seé 443934 003 3% - -
farm, depending on the size of the [ gheep 283,091 0.00 0% - -
farm and its livestock production Swine 45,900 0.01 1% 0.00 0%
practices, and 25 percenftdairy Poultry 42,609,720 |0.06 5% 0.03 9%
cattle are on operations with more tharmotal 45,958,690 | 1.04 100% |0.38 100%

2,500 headMitigation technologies  Source: USDA2011)

such as anaerobic digesféme more 2N,O emisions are minimal and not included in this total.

economically feasible on large farm

operationgiue to economies of scale. Conversely, 75 percent of swine exist on operations with fewer than
1,000 animalsandthere are fewer lowerost mitigation options for these small operatidfigure4

provides a summary of GHind NO emissions by animal category and baseline manure management
practices: The largest sources of GHre anaerobic lagosndeep pits, and liquid/slurry systemaiich
areprimarily used fordairy and swine waste. The largest sources,qf &re beef dry lotssigure5

degribes the proportion of beef cattle, dairy cattle, and swine that are managed using various manure
management systems. The majority of beef waste is deposited on pasture, while dairy and swine waste is
managed using a variety of systems, including anaztagoons, deep pits, dry lots, liquid/slurry

systems, and anaerobic digesters.

13 Anaerobic digesters are lagoons and tanks that maintain anaerobic conditions and can produce and capttrentstfiage
biogas. This biogas can be used for eleityriand/or heat, or can be flared. In general, anaerobic digesters are categorized into
three types: covered lagoon, complete mix, and plug flow digesters.

14 Definitions for manure management practices can be found in Appetiof 8CF International, 2013)
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Figure 4: 2008 CH, and N,O Emissions from theNorthwest  Figure 5: Proportion of Beef Cattle, Dairy Cattle, and
by Animal Category and Management System (Tg of C®  Swine Managed with Each Manure Management System ir

eq.) the Northwest
o
15 o omer m Dairy Dry Lot 100%
m Dairy Solid Storage m Beef Dry Lot 90%
m Dairy Deep Pit Poultry with bedding .
= Horses Pasture = Poultry Anaerabic Lagoon 80%
Beef Pasture W Dairy Liquid/Slurry 70
= Dairy Anaerobic Lagoon 0
10 B60%
- 50%
@
S 40% e
A= 30%
05 20%
10%
0%
Beef Cattle Dairy Cattle Swine
Pasture m Dry Lot
0.0 — m Anaerobic Lagoon m Daily Spread
Methane Nitrous Oxide Deep Pit m Liquid/Slurry
Greenhouse Gas m Solid Storage m Anaerobic Digester
Source: EPA2010) Source: EPA2010)

4.4  Forest Carbon Stocks and Stock Changes

In the annual GHG inventory reported by the USDA, forestshandested wood products from forests
sequester 69 Tg G@q. per year in thHorthwest In addition, 67,77800acresof forest land in the
Northwestsequeste?6,428 Tg CQeq. in forest carbon stocks.

Managed forest systems in tNerthwestfocus primaily on the production of softwood timbeas well

asserving as reserved forest land. Forestry activities represent significant opportunities to manage GHGs.
Forest managers in tiNorthwestuse a wide variety of silvicultural techniques to achieve managem
objectives, most of which wilkffectcarboncycles in these systenfSlvicultural practices on forest
carbonenhancdorest growththatincreasesarbon sequestratioates, while érest harvesting practices
transfer carbon from standing trees ihtrvested wood products and residiles eventually decay or

are burned as firewood or pellets. Other forest management activities will result in accelerated loss of
forest carbon, such as when soil disturbance increases the oxidation of soil orgaicomatten

prescribed burnigpreleases CQ N,O and CH.

Forest management activities and tlediects on carbon storage vary widely acrossNioethwest

depending offiorest type, ownership objectives, and forest stand conditions. Howédvienyltura

prescriptionsare often usetbr common forest types theNorthwestFor exampl e, t he USDA
Quantifying Greenhouse Gas Fluxes in Agriculture and Forestry: Methods for-Betig Inventory

15 Other GHGs, such as, and CH, are also exchanged by forest ecosysters®. iNay be emitted from soils under wet
conditions or after nitrogen fertilization; it is also released when forest biasnasmed. CHlis often absorbed by the microbial
community in forest soils but may also be emitted by wetland forest soils. When biomass is burned in either a prescribed
fire/control burn or in a wildfire, precursor pollutants that can contribute toeoaod other shotived climate forcers as well as
CH, are emittedU.S. Department of Agriculture, 2014)
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Technical Bulletin2014) provides this information for two regions in tNerthwest the Northwest
West andNorthwest East regions (see Table

6-6 on page 6%9).

Table 10: Northwest Forest Carbon Sbck and Stock Changes

The USDOrést Service 2010 Resources

. . S
Planning Act Assessme@eneral Technical o

Report(2012) describes future projections of _Net Area Change 1000 ha y 31
forest carbon stocks in the United States |- No"+Soil Stocks T9CO eq. 18,034
resulting from various vulnerabilities (e.g., EOCS i ch P gOz €q. T 8?;?7’?4
lessthannormal precipitatioror above Hg?\; e:t'e d nggg Tg ng 23' z:l :12a
normal temperature) and other stressors (e. ) products Change '

urbanization, other land development, Forest Carbon Stock Summary
demand for forest fuel and fiber). The Non-Soil Stocks + TgCOeq. 26428
Resources Planning Adissessment projects | soc

that “declining f or e potest@afbéh8tock Chahdé Bum@ady Wi t h

climate change and harvesting, will alter Forest Carbon Stock | Tg CO, eq. yi* -69
forestt ype composition |iChangal | regions.” For
example, the report notes that for a larger | Source: USDA2011)

regionsuch aghe Pacific Coastincluding *Negative values indicate a net removal of carbon from the

atmosphere.

the Northwest-the rate of urban growth is
high, HemlockSitka spruce area is projected
to declineandDouglasfir forest area is projected to increase.

4.5 Mitigation Opportunities

Figure6 presents the mitigation potentfal the Northwest Regiohy sectorEach bar represents the
GHG potential below a breakven price of $100/metric ton G@q° A breakeven price is the payment
level (or carbon price) at which a farm will view the economic benefits and the economiassustiisted
with adoption as exactly equal. Conceptually, a positive begak price represents the minimum
incentive level needed to make adoption economically rational. A negativedwrealprice suggests the
following: (1) no additional incentive shlnlibe required to make adoption ce$fective; or (2) there are
nonpecuniary factors (such as risk or required learning sutkiat discourage adoptiohhe breakeven
price is determined through a discounted d#mh analysis such that the revenuegost savings are
equal to the costg.The left two bars represent reductions from management practiargeshat
mitigate GHGsThe right three bars represent increased C storage from management prhatigesA
total of 0.7 Tg C@eq. can be mitigted at a breakven price below $100/metric tons £€3).Land
management practiadangegan increasearbonstorage byl.4 Tg CQ eq. at a breakven price below
$100/metric tons C&eq. The color shading within a bar represents the mitigation potenttz
potential increasedarbonstorage below different breadven prices indicated in the legend. For example,
changes in manure management practices have the potential to contribute to 0 efjg@@nitigated
emissions for less than $20/metric ©6, eq. (i.e., light blue and light green bar).

18 Breakeven prices are typically expressed in dollars per metric ton 2GCOrhis value is equivalent to $100,000,000 per Tg
of CO, eq. or $100,000,000 per million metric tons of £&Q.
17 See ICF InternationgR013)for additional details.
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Figure 6: Mitigation Potential in the Northwest, by Sector

(i.e., retiringorganic and marginal soils).

A The highest reductions in emissions from manure managemeaegéred fromnstalling improved
separators at large dairy farms and complete mix and covered lagoon digesters with electricity
generation at large swine and dafmyms*®

A Longterm reduced tillage intensity has the potential to increase carbon storage in the Northwest.

4.5.1 Agricultural Soils

For farms over 250 acres, variable rate technology is a relatively low cost option for redsizing N
emissions from fertilizeapplication*® Reducingnitrogenapplication can be a relatively low cost option

for all farm sizesTransitioning from conventional tillage to continuoustiiage or reduced tillage to
continuous ndillage field management practices results in relagilaige potential for carbon storage at
low cost (i.e., the magnitude of the carbon storage potential is orders of magnitude higher than the
potential to reduce }D emissions)Carbon gains can only be realized iftilbis adopted permanentlypy

else tle gains will be reversedther options include growing more perennial crops, thus avoiding tillage;
including more fallow periods; including growth of higfomass cover cropand conveli®n of

marginal agricultural lands to native ecosystems.

18 The emission reduction excludes iredit emission reductions from the reduced use of fossil fuels to supply the electricity for
onfarm use (i.e., the emission reductions only account for emissions within the farm boundaries).

¥ variable rate technology (VRT), a subset of precision agrieilallows farmers to more precisely control the rate of crop
inputs to account for differing conditions within a given field. VRT uses adjustable rate controls on application eqaipment t
apply different amounts of inputs on specific sites at specifies{fdabama Precision Ag Extension, 2011)
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Land Retirement

This category includes retiring marginal croplands and establishing conservation cover, restoring
wetlands, establishing windbreaks, and restoring riparian forest buitisng marginal soil and
restoring forested wetlands provide the most opmities for increasing carbon storage.

Manure Management

The total CH mitigation potential for livestock waste in thlorthwestis 0.7 Tg CG; eq. Lowercost

GHG mitigation opportunities for manure management are primarily for large swine and dairipaperat
The greatest CHeductions can be achieved on dairy operations by transitioning from anaerobic lagoons
to improved solids separators, covered anaerobic lagaoavered lagoon digesteor complete mix

digestes. For large swine operations, theegtest and most cesffective mitigation measures are
transitioning fom anaerobic lagoons to complete mix digestargered lagoon digesters, @vering an
existing lagoon.

Enteric Fermentation

Emissions from enteric fermentation are highly variabigdependn livestock type, life stage, activity,
and feeding situation (e.g., grazing, feedlot). Several practices have demonstiafemtehéal efficacy

for reducing enteric fermentati@missionsAlthough diet modificatios(e.g., increasing fat content,
providing higher quality forage, increasing protein content) and providing supplements (e.g., monensin
bovine somatotropin [bST]) have been evaluated for mitigation potentialeffextiveness has not been
conclusivelydemonstrated

5 USDA Programs

The recently published USDA Climate Change Adaptation?’Pfaasents strategies and actiéms
addressinghe effects of climate change on key mission arieatidingagricultural production, food
security, rural developmerdand forestry and natural resources conservation. USDA programs
administered througthe Natural ResourceConservation Service (NRCS), U.S. Forest Service (USFS),
Farm Service Agency (FSA), Rural Development (RD), Risk Management Agency (RMA), and Animal
and Plant Health Inspection Service (APHIS) have and will continue to play vitairaestaining

working lands in a variable climate and are key partner agencies with the USDA Climate Hubs. The
NorthwestHub partner agencies are also vulnerable toatlmwariability and have programs and

activities in place to help stakeholders respond to cliimateced stresses.

5.1 Natural Resources Conservation Service

The Natural Resources Conservation Ser(iMRCS)is the principaFederal agency that provides
techrical and financial assistanéar conservation practicem private agricultural and forest lanéds
such, NRCS has a primary role in the delivery end of the Hub netiNB®S, along with other the
USDA Service Center agencies and the Cooperative ExteB8g&tem, will connect farmers, ranchers,
Conservation Districts, and other public sectors to advalimate change research and applications.
USDA has 41 service centers in Washington, 89rggon, 39 in Idahand 10 in Alaska.

NRCS is already addresgj potential effects of climate changethe Northwesthrough ongoing
conservation programs and technical assistance activities that take steps to conserve and improve natural
resources and to assist farmers and ranchers as stewards of thMuleindfthis assistance mitigates

20 The 2014 USDA Climate Change Adaptation Plan includes input from 11 USDA agencies and offices. It provides a detailed

vulnerability assessment, reviews the el ements of USDA’ s mi

actions andteps being taken to build resilience to climate change. Find more here:
http://www.usda.gov/oce/climate_change/adaptation/adaptation_plan.htm

USDA Programs
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climate change via reduced greenhouse gas emissions or increased carbon sequestration and builds greater
resiliency to variability in climate and weath@&he Soil Health Initiativéncludeseducation and training

sessions for pkucers on methods for improving the condition and resiliency of working &amaisoils.

NRCS will continue to enhance delivery of conservation programs and assistédme&lorthwestising

advances in information and to@sailable through the Hutetwork.

In Alaska, permafrodbssis a criticalNRCSissuebecause ofoncernsaboutassociatedtructural

changes that affect the landscapé&astructure, biota, hydrologand storedoil carbon. Throughout the
Northwest changes in temperature anéqpitation are affecting snowpaeakhigher elevations and the

delivery of water supplies for agricultural needs, power generation, municipal water storage, aquatic
habitat, and recreation. Changing temperatures and precipitation distribution alsoaaffectitural land

use by affecting soil moisture, growing seasons, crop type, and potential increases in erosion. Increases in
temperatures anchangesn the timing of water delivery from snowmelt can result in increased use of
groundwaterThis, in tun, lowersgroundwater levels in aquifers aimtreaseshe demand fopower

neededo pump water for irrigation.

A NRCS regional priority isharinginformationwith agricultural producerand encouraging them to
include climate change factors in theirmagement decisionMany NRCS programs specifically focus

on conservation practices that could help offset effects of climate chiacigeling programsuch as

CRP, netill approaches to land managemargingtechnology such as soil moisture monitoring t

optimize water usémprovements to riparian systems, and rapid carbon assesshRQIS can

effectively address risks by helping agricultural producers in the Northwest develop land management
strategies that anticipagxtreme events such as floods andughts as well achanging trends in annual
temperature and streamflow

In addition to communicating informatida land manager$yRCS continues to focus dest
management practices for agricultufey elements ofmplementing programs that addretimate
changeanclude akingtheapproach of reducing risknproving soil and water qualityeducing costs
and increasing productivity and efficiency through better tamdagemenfroducers understand risk
and how weather and climate affect their operati®dhgy can benefit by having accesénformation,
tools and programs that help theadaptto and manage changing climate conditiamgrove the land
andhelp makegoroductionsystemanore resilient to changes in climate and extreme eveRRES
personnel caeffectivelywork oneon-one with producers to transfer information amglement
programsand will prioritize efforts to providddld personnelith currentclimate chage information,
tools and approaches

NRCS missionis to helplandowners by providing assistance in improving land and soil conditions,
reducing erosion, increasing soil health, improving water quality and water supplie$fesimnd efficient
agriculural practiceshatreduce costs and increas&ural resourceonservationGiven this mission
manyNRCSprograms and activities are alrgadsponsive to the needs related to a changing climate and
to helping peoplenanage these challengbsough adagition and mitigationUtilizing the large number

of field offices throughout thBlorthwestand working with individuals, cooperatives, extension services,
and other groups allows NRCSdsliverinformation and programs directly to the people working the
lands These activities helpddress, reduce, and manage the risks and vulnerabilities related to climate
change. Some of the key regional initiatives that NRCS is implemeotiog.
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Drought Assessment: Snow Survey and Water Supply Forecasting Prograamd the Soil Climate
Analysis Network

NRCS manages is ttf&now Survey antVater Supply Forecasting Progranwhichcollects high

elevation snow data in theestern United States and provides managers and users with snowpack
information,water supply forecasts, anther climatic dataNRCS field staff and cooperators collect and
analyze data on snow depth, snow water equivalent, and other climate paranmeteriy 2{000 remote,
high-elevation data collection sitéBhese data are used to provide estimates of annual water availability,
spring snowmelt runoff, and summer streamflo@@nate change researchers are increasingly accessing
the data to evaluatdimatetrends in thevestern United State¥/ater supply forecasts are used by
individual farmers and ranchers; water resource managers; Federal, State, and local government agencies;
municipal and industrial water providers; hydroelectric power genenatilities; irrigation districtsfish

and wildlife managemertgenciesreservoir project managenr&creationiststribal Nations; and Canada
and Mexico

The program provides water and climate information and technology support for natural resource
mana@ment in 13tates Alaska, Arizona, California, Colorado, Idaho, Montana, Nevada, New Mexico,
Oregon, South Dakota, Utah, Washington, and Wyoniinthe four states covered by the Northwest

Hub, there are 309 SNOTEL (snow telemetry) and SnowLite (araeders with telemetry) stations and
487 manual snow courséhe National Water and Climate Center, located in Portland, Oregon, provides
water supply forecasts atehdership and technology support to $taes.

Snowmelt provides a majority of the wagtaipply in the West, so the information provided by the
program is critical for water managef$e demographic, physical, and political landscape ofveérstern
United States is changing rapidly, and thisiiacreasingcompetitionfor watersupplies fronirrigation,
municipal and industrial customers, anestream uses, such as riased recreation, esthetic
enjoyment, fish and wildlife habitat, and hydroelectric power generdtioreasing water demands
requireaccurate data collection adssemindabn aboutcurrent conditions and trends in ordeopiimize
managemendecisiondor valuable water resources

Soil moisture information is invaluable fblational,State, and local government agencies concerned with
weather and climate, runoff potentiibod control, soil erosion, reservoir managemant water

guality. Soil moisture is an integral variable in the exchange of water and heat energy between the land
surface and the atmosphere through evaporation and plant transpiration. As a reswtsgoe plays an
important role in the development of weather patterns and precipitatims Weather prediction

models have shown thimproving thecharacterization of surface soil moisture, vegetation, and
temperature can lead to significant fastimprovements. Soil moisture also strongly affects the amount
of precipitation that runs off into nearby streams and rivers.

TheNRCS Soil Climate Analysis Network (SCAKYonsistof 211 stationsicress the United @ites,
including20in theNorthwestHub region SCAN playsa critical role in assessing the effects of climate
and drought on agriculture by providing réahe soil moisture, soil temperature and other atmospheric
information necessary to

support countyState, regional andlational drought risk assessments
assist in agriculturproductionassessments and crop management
provide improved water supply forecasts for water managers
detect and manage the effects of climate extremes, and

support global climate change research.

T v > >

2L hitp:/ww.wee.nres.usdgov/partnerships/links_wsfs.html
2 hitp://www.wce.nres.usda.govi/scan/
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In addition to the present SCAN network, over 430
SNOTEL stations in the westermlted States,
including 107 in the Northwedhave soil
moisture/soil temperatusensorsandcontributeto
the data used in SCAN.

Ecological Site Information

TheEcological Site Information System (ES1&s

the repository for forestland and rangeland plot data
andfor the development of ecological site
descriptions. ESIS is organized into two applications
and associated databases: Ecological Site Descripti
(ESD) and Ecological Site Inventory (ESI). TBED
application provides the capability to produce
automated ecological site descriptions from the data
stored in its database. ESD is the official repository
for all data associated with forestland and rangelanc
ecological site descriptions INRCS TheESI
application provides the capability to enter, edit, and
retrieve rangeland, forestry, and agroforestry plot
data. ESI is the official repository for all plot data
collected via the SeWoodland Correlation Field
Data Sheet (EG805), the WindbrealSoi-Species
Evaluation Data Sheet (E&®4), and the Production
and Composition Record for Native Grazing Lands
(RANGE-417).The collection of plot data is an
important activity conducted BYyRCS The data are
used to develop inventories for planninggnitor
ecological changgrovidedatafor management
decisionsdevelopecological site descriptiongptain
data for hydrologic modelstudytreatment effects,
and for many other purposes.

Carbon Management Evaluation Tool (COMET)

An online tool calledCOMET-FARM?* enables
agricultural producers to calculate how much carbo
their conservation actions can remove from the
atmosphere. A collaboratidretweerNRCS,

Col orado State Universi
Change Program Office, COMERARM will also

help producers calculate and understand how land
management decisions affect energy use and carbo
emissions.

COMET-FARM allows producerto use a secure
online interface t@nter information about their land
and its managemenincluding location, sail

B https://esis.sc.egov.usda.gov/
2 http://cometfarm.nrel.colostate.edu/

National Soil Health Initiative

WA

" 501L HEALTH

NRCS has initiated a National Soil
Health Initiative to increase awareness
and understanding of the critical-im
portance of soil managemefot im-
proving agricultural production, de
creasng erosion, and mitigatg factors
affecting the climate. Soil health, also
referred to as soil quality, is defined as
the continued capacity of soil to fun
ction as a vital living ecosystem that
sustains plants, animals, and humans.
This definition speaks to the impor
tance of maaging soils so they are
sustainable for future generations.
Potential climate change in the North
west can alter the capability of soils to
sustain organisms and retain carbon.

Healthy soils serve a number of critical
purposes, including regulating thewio
of rain, snowmelt, and irrigation water
sustaining plant and animal ljfélter-

ing and buffering potential pollutants
cycling nutrientsandproviding

physical stability and support.

Dynamic soil quality is how soil
changesdepending on how it is
managed. Management choices affect
levels ofsoil organic matter, soil
structure, soil depth, and water and
nutrient holding capacity. One goal of
soil health research is to learn how to
manage soil in a way that improves
soil function. Soils respond diffemty
to managementlepending on the
inherent properties of the soil and the
surrounding landscape.
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characteristics, land uses, tillage practieesl nutrient use. The tool then estimates carbon sequestration
and greenhouse gas emission reductions associated with conservation practices for cropland, pasture,
rangeland, livestock operatiorend energy.

Agricultural conservation, especially soil and crop management, can contribute to remoyiingnC®e
atmosphereHistorically, conversion of native lands to crop production using intensive tillage has resulted

in significant releases of soil carbon. According
Inventory, conservation tillage and other practices have helped reduce these losses and, in many cases,
reverse them. Agricultural soitould potentially b used to sequest@rsignificant amount of carbon.

Carbonr i ch soil s are healthy soils, meaning they’'re
events, such as drought, because they hold more water and reduce soil temperature.

Conservation Innovdion Grant program : a focus on greenhouse gas mitigation

NRCS provides funding opportunities for agriculturalists and others through various programs.
Conservabn Innovation Grants (CI3)is a voluntary progrardesignedo stimulate the development

and adoption of innovative conservation approaches and technologies while leveraging Federal
investment in environmental enhancement and protection, in conjuncttoagvicultural production.
Under CIG, Environmental Quality Incentives Program funds are used to award competitive grants to
nonFederal governmental or nongovernmental organizaticbes, or individuals.

CIG enables NRCS to work with other public gmtvate entities to accelerate technology transfer and
adoption of promising technologies and approaches to address someaifdhis most pressing natural
resource concerns. CIG will benefit agricultural producers by providing more options for eremtahm
enhancement and compliance widderal State, and local regulations. NRCS administers CIG projects
throughout théNorthwestthataddress issuesich as carbon sequestrafiarsion reductionbest
management practices for soil health, watse reduction, and reduced energy consumjpaiot adaption
of forest carbon protocols for tribal lands, to name a few.

Conservation Effects Assessment Project (CEAP)

Conservation Effects Assessment Project (CEAB)a multiagency effort to quantify the environmental
effects of conservation practices and programs and develop the science base for managing theabhgricult
landscape for environmental quality. Project findings will be used to guide USDA conservation policy
and program development and help conservationists, fararetsanchers make more informed
conservation decisions.

CEAPassessmentwe carried outtanational, regionaland watershed scales on cropland, grazing |ands
wetlands and forwildlife. The three principdCEAP components-national assessmentgatershed
assessment studjemdbibliographies and literature reviewscontribute to building the science base for
conservation. That process includes reseanciieling assessient monitoring and data collection
outreachand extension educatioifforts are focused omanslating CEAP @ence into practice

The purpose and goal of CEAP is to enhance natural resources and healthier ecosystems through
improved conservation effectiveness and better management of agricultural landscapes, and to improve
efficacy of conservation practices ambgrams by quantifying conservation effects and providing the
science and education base needed to enrich conservation planning, implementation, management
decisions, and policy.

5 http://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/cig/
% hitpd/www.nres.usda.gov/wps/p@l/inrcs/main/national/technical/nra/ceap/
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Reassessment of Conservation Practice Standards

NRCS is presently reassessthg application and utility of the establishgdtional Conservation

Practice Standartfs A conservation practice standard contains information on why and apeaetice

is applied, and it sets forth the minimum quality criteria that must be met during the application of that
practice in order for it to achieve its intended purpose(s). NRCS is reassessing many of the standards to
look at effectiveness and applidily, in part to address hoshanging climate and conditions can affect

how a practice is utilized@here are five additional national templates for Statements of Work that are not
directly associated with conservation practicesCdiservation Plannin@) Comprehensive Nutrient
Management Plannin@) Cultural Resources Archival ReseardhCultural Resources Identification
Surveysand 5)Cultural Resources Evaluatians

Regional Conservation Partnership Program (RCPP)

TheRegional Conservation Partnership Program (RERPYmotes coordination between NRCS and its
partners to deliver conservation assistance to producers and landowners. NRCS provides assistance to
producers through partnership agreements and program coptraesement agreements.

RCPP combines the authorities of four former conservation progthendgricultural Water
Enhancement Program, the Chesapeake Bay Watershed Program, the Cooperative Conservation
Partnership Initiativeand the Great Lakes Basinogram. Assistance is delivered in accordance with the
rules of EQIP, CSP, ACEP and HFRP; ainccertain aregthe Watershed Operations and Flood
Prevention Program.

RCPP encourages partners to join in efforts with producers to increase the restathostainable use
of soil, water, wildlife and related natural resources on regional or watershed scales. Through RCPP,
NRCS and its partners help producers install and maintain conservation activities in selected project
areas. Partners leverage RCPRding in project areas and report on tbsultingbenefits.

Conservation program contracts and easement agreements are implemented through the Agricultural
Conservation Easement Program (ACEP), Environmental Quality Incentives Program (EQIP),
Conservatia Stewardship Program (CSBJ the Healthy Forests Reserve Program (HFRP). NRCS may
also utilize the authorities under the Watershed and Flood Prevention Program, other than the Watershed
Rehabilitation Program, in designateitical conservation arefs

Rapid Carbon Assessment

TheRapid Carbo\ssessment (RaCH)is an extensive database on soil cartho2012 NRCS
embarked on the largest concentrated soil sampling effort in the history of soil survey to build the most
extensive database on soil organic and inorganic carbon imited(States

The Greenhouse Gas and Carbon Sequestration Tool

The GHG and Carbon Sequestration Ranking Tdsla qualitative ranking of NRCS Conservation
PracticeStandards that can be applied effectively to the Greenhouse Gas and Carbon Sequestration
Resource Concern.

27 hitp:/iwww.nrcs.usda.gov/wps/portal/nrcs/main/national/technical/cp/ncps/

28 hitp:/www.nrcs.usda.gov/wps/portal/nres/main/national/programs/farmbill/rcpp/

29 hitp:/lwww.nrcs.usda.gov/wps/portal/nres/detail/nagidprograms/initiatives/?cid=stelprdb 1254053
30 http:/Avww.nres.usda.gov/wps/portal/nres/detail/soils/survey/?cid=nrcs142p2_054164

31 http://www.nrcs.usda.gov/wps/portal/nres/detailfull/national/air/?cid=stelprdb1044982
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Cover Crop Termination Guidelines

Cover Crop Termination Guideks? provide information onhetermination of cover crops on non

irrigated croplandThey were developed by NRCS, Risk Management Agency (RMA), Farm Service
Agency (FSA), and other public and privaeceonst akeh
crop insurance.

5.2 United StatesForest Service

The Forest Service approach for adapting to climate change encompassessgleudite strategies

across the agency and direct progiayrprogram efforts to integrate climatelated policies and

guidarce. Climate change is one of many drivers of change to be considered in sustaining forest and
grassland ecosystems. The Forest Service is involved in research, translation, and delivery of information
and technical tools for use on public and private taed rangelands. The Research and Development

branch of the Forest Service is the principahduse forestry and natural resource research arm of

USDA. The State and Private ForestraiF) branch is the Federal leader in providing technical and
finandal assistance to landowners and resource managers to help conserve, protect, and enhance the
Nat i o AFederalfiocests. The National Forest System comprises 193 million acres of national forests
and grasslands, and i s rafrhueicating Witk theapghlicn cy’' s “fr ont

The potential climate changsdfects for Forest Service Regiora®d Idaho portion of Regionidclude
changes to streamflow dynamics, stream temperature, and increases in large disturbance events, wildfire,
insects, disease am/asiveplants and animal#\s winters become warmer on average, many
watersheds will experience a larger fraction aéatnflow earlier in the yeaEffectsinclude increased
frequency and magnitude of extrefow/-flow and highflow eventsas well as higher winter soil

moisture levels. The aging infrastructure and roads are vulnerable to damage and potential loss from
flooding and landslidethatin turn may degrade aquatic resourc@émate change coupled with riparian
vegetation loss wlilead to warmer streams in many locatiomkich couldreduce habitat for trout and
salmon specieadapted t@old water Region 6 contains coastlines vulnerable teleeal rise including

the Oregon Dunes National Recreation Area, the largest coastalfidlds in théJnited StatesEffects

of storm events and wave action amplify as sea level asgsoastal features may reconfigurere

quickly due to an intensified pattern of inundation and erosf@ea cliffs, beaches, dunes, estuaries, and
tidal marshlandskRare extreme events such as massive storms may be more damaging.

The region’s forest communities wild.l be more susc
Portions of the Region have large wildfire potential and projectiaisate more frequent and larger

fires in the futureThe predicted changes in temperature and rainfall patterns and extremes will continue

to increase thamount offorest area burned each year, contributing to additional soil erosion, flooding,

and weednvasion.The survival and spread afrest pests and diseases will also be favored, exacerbating

tree mortality in cycles of fire, pests, and invagilents and animal The likelihood of increased

disturbance (fire, insects, diseases, drought, and stlieces of mortality) and altered forest distribution

are very high and will likely lead to changes in habitat that would affect native species and ecosystems.
Subalpine forests and alpine ecosystems are especially at risk.

Natural resources vulnerabke ¢limate change can affect the economic aelhg and cultural character

of rural communities. Increasingaterscarcity can potentially lead to greater conflicts among diverse

water users on and adjacentederal Forestd he Nativetribes in theNorthwestare greatly concerned

about the effects of climate change on their traditional hunting, fishing, and gathering acteitied.

lands on the Forests provide resources and habitats essential for cultural, medicinal, and economic uses
and communit cohesionln addition, recreational experiences on the Forests may be affected.

32 http:/iww.nres.usda.gov/Interne8E_DOCUMENTS/stelprdb1167871.pdf
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The Forest Service recognizibaitits mission to sustain forestlands for the futsrthreatened bglimate
change. The agency uses a climate change performance scosenaidtiin accountabilitjor

addressing the challenge. Current and anticipated resultscbiritge changeelated activitiesriclude
thecompletion of vulnerability assessmentisich areconducted through partnerships between scientists
and managersotidentify the vulnerabilities and potentiglsponses faminimizing effects from climate
changeRegiors 1, 4 and6, are working with théNorthwestResearch Statioand havenade good

progress omompletingUSFS climate change performance scoreetethant 6 (vulnerability

assessment) amflement7 (adaptive managemengive of 17 Forests in Regidhhave vulnerability
assessments in place, agaff associated witle Forests are in process of completing these assessments.
Vulnerability assessment shodld completed across all Forests by the end of FMl&ddition,a

Region 6climate change vulnerability assessniggded orsocioeconomic and ecosystem sersise
underway and will result in a pesgviewed technical report and the development of anaimapping

tool. This tool will display and disseminate relevant ecosystem sepngeespatial dataand
socioeconomic vulnerability analyses outputs. This work will provide a regional context and will
complement the more ecologicaliysed vulnerabily assessments that have been completed or are
underway in the Region.

Also by FY16, four Forests in the northern portion of Idaho (USR&gion 1) will have published peer
reviewed GenerallechnicalReport (GTR) vulnerability assessment and adaptatiategies for a full

suite of resource3 hese resources inclutigdrology, forested and neforested vegetation, vegetative
disturbance, wildlife, fisheries, recreation, cultural resources, and ecosystem q&twitiesrn Rockies
Adaptation PartnershipThe southern portion of Idaho (Region 4) will also have completed vulnerability
assessents and adaptation strategiesa similar set of murceg(Intermountain Adaptation

Partnership

Vulnerability assessmerasd adaption strategiarebeing and will bausedto inform restoration work,
conservation strategies, grazing allotment plans, fire management plantsaisti longterm resource
program strategiepostfire managemenplan revision process and plaroversight Develoged
adaptation strategies and actions can help mitigatgotentialeffects climate change may have on
infrastructure, aquatiesoures,and terrestrial resources within the Region

5.3 Farm Service Agency
The Farm Service Agency (FSA) has 82 state and county offices located throughout-gtatéour

Northwest RegionT hese of fices are the “f acebparticfateid®dDA t o
conservation and energy, commodity crop, disaster assistance, and farm loan programs that FSA
manages. Virtually al/l of FSA's programs affect

effects of climate change:

A The Conservatio Reserve Program (CRP), among the largest voluntary conservation programs in
the world, provides incentives to take marginal or vulnerable cropland out of production for 10
15 years in order to improve soil health, effectively eliminate erosion, enhateeguality, and
create wildlife habitatUnder the Agricultural Act of 2014 (the 2014 Farm Bill), grassland can
also be enrolled in and maintained under CRP.

A The Biomass Crop Assistance Program provides incerttivestablish, cultivate, and harvest
eligible biomass for heat, power, Hiased products, research and advanced biofuels.

A The new Price Loss Coverage and Agricultural Risk Coverage programs, along with the
Marketing Assistance Loan and other programaintain farm incomes and keep farmerghan
land by helping to mitigate price and yield risks.

A The Noninsured Crop Disaster Assistance, Livestock Forage Disaster, Livestock Indemnity, and
other programs provide emergency assistance to producers when drought and other disasters
affect agricultual production.
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The Direct and Guaranteed Loan Programs provide many farmers and ranchers the opportunity to
obtain the crediheededo begin and continue their operations, particularly when obtaining
commercial credit is difficultUnder 2014 Farm Bill ite ability to help beginning and socially
disadvantaged producers has been enhanced.

In the Northwest Region of thénited Statescrop productionsoil resourcesand water resources are
extremely vulnerable to climate fluctuations.

A

Agricultural crop prodctionincludesdryland (norirrigated) cropssuch asvheat, barley, pulse
crops, oil seeds, grass seed and forage,vetichare extremely vulnerable to drought
conditions These crops are also vulnerable to erratic weather cycles that produce exoessiv
during the wrong stage of growth or freezing temperatures during the growing season.

Irrigated crop productigrwhich includesorn, alfalfa hay, potatoes, orchards and vineyards,
berries and specialty seed cromsn become vulnerable to drougthivhen drought conditions
result in diminished water suppl$nowpacksuppliesr0to 75 percent othe watetused for
irrigatedagriculture inWashingtonFruit and vegetable crops can also be vulnerable to erratic
weather cycles that produce excessive Haang the wrong stage of growth or freezing
temperatures during the growing season.

CRP and rangeland is vulnerable to droumgtauseheseareasare notypically irrigated.
During drought, theisk of wildfire spreading over vast areas of CRP eartjeland is greatly
increasedlf these areas lose thgrowing covettheybecome susceptible to wind erosiand
severe dust storms may resulbss of grazing lands increases the economic risk to livestock
producerswho may have to reduce herd sizesaresult.

The susceptibility of dry landrrigatedcropland,CRP, rangelandand livestock forage climate
changeeffectincreases economisrisk for agricultural producers, rural communitiesd
presents newhallenges imaintaining and sustainingluablesoil and water resources.

During periods of drought and high temperatuties productivity of the Biomass Crop

Assistance program would be at riskcasps in this prograrare also highly susceptible to fire
under drought condition3he resultsvould be similar to loss of CRP cover or rangeldbdce

the biomass crop is harmed by drought and/or thire soil and water resources become extremely
vulnerable to wind and water erosion.

FSA administers the progranisat Congress provides through tRarm Bill. The Food and Agriculture
Act of 2014 provides the following programs that can assist producers in dealing with the risks and
vulnerabilities created by changing climate

A

The new Price Loss Coverage and Agricultural Risk Coverage programsatonige

Marketing Assistance Loan and other programnsyide coverage fa20 agricultural
commoditiesThese programs provigesafety net for producers during times of economic loss
which could be triggered by crop losses or price declines.

The Noninsuted Crop Disaster Assistance, Livestock Forage Disaster, Livestock Indemnity, and
other programs provide emergency assistance to specialty crop and livestock producers when
drought and other natural disasters strike.

The Dairy Margin Protection Program pides risk management tools for dairy producers when
their feed costs increase and milk prices decliignate changes that exacerbdteught, floods,
fires, unseasonable freezes and other natural es@midiminish feed crop production, which can
result in rapid increases in feed costs incurred by dairy producers.

FSA direct and guaranteed loan programs are also very helpful to producers who have suffered
economic losses.oan guarantees through comrvial agricultural lenders allow producers to
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obtain credit during years of poor producti@his is an extremely valuable resource for
producers affected by climate change.

A The CRP and Continuous CRP programs can also be a tool to reduce environmental risks and
vulnerabilitiesassociated witklimate change and may be used to mitigate the effefots
contribute to restoration efforts after a natural disaster.

A TheEmergencyConservation Program (ECP) and the Emergency Forest Restoration Program
(EFRP)are twoFSA cost share progrartisat offer financial assistance with restoration costs and
thatare available to farmers and ranchers affected by natural disasters

5.4 Rural Development

Rural Development (RD) supports rural communities through loans, loan guarantees, and grants. For
some RD programs, the agency holds liens or other security interests in facilities and related infrastructure
in areas that could be affected by hydgital changes and s&avel rises resulting from effects such as
inundation and erosion. Additionally, many climate change models predict greater frequency and severity
of weather events such as tornados and hurricanes, which can damage utility facdifigsastructure.

Climate change therefore represents a risk to these agency assets and the communities they serve.

Within theNorthwestregion the occurrence oéduced snowmelt, more frequent fires, higher
temperaturesand increases in drought amsicipated to cause 1) disruption of electric and other energy
supplies, 2) greater damage to structures/infrastructure from flooding, and 3) greater demand on the water

supply.

Rural Development has services in place to administer different programiacketing the Rural
Housing Service, Rural Busine€®operative Service, and Rural Utilities Service.

Rural Housing Service

The Rural Housing Service (RHS) administers programs that provide financial assistdoaas and
grants for quality housing armbmmunity facilities for rural residenits all Climate Hub regions.

RHS will implement the prevention measures outlined below in an effort to reduce the effects of climate
change anéhcrease resilience faotentialharmfrom flooding, storm surges, hucanes, tropical storms,
and other severe weather patterns that cdafdagestructures funded through RHS programs.

A RHS will continue to provide training to staff on proper siting of facilities/infrastructure for the life
of-structure (30 to 50 years inmee cases) in locations where the effects from climate change will not
harmthe facility or the surrounding environment.

A RHS will also continue to consider the effects oflss@l rise, other potential flooding, and severe
weather effects into longerm phanning.

A RHS will continue to provide funding for the following programs, which have been designed to
lessen the need for fossil fuels, promote renewable energy, and increase energy efficiency in an effort
to reduce the effects of climate change:

A Multi-family Housing Energy Efficiency Initiative

A Multi-family Housing Portfolio Manager, Capital Needs Assessment/Utility Usage

A Energy Independence and Security Act compliattus &ffects new construction of single family
housing)

A Climate Action Plan installatioof 100-megawaticapacity onsite renewable energy méaiinily
housing by 2020

USDA Programs
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Rural BusinessCooperative Service

The Rural Busines€ooperative Service (RBS) administers programtiin all of the Climate Hub

regionsthat lessen the need for fossil fuehgrease energy efficiencgndpromote biomass utilization
andrenewable eneryg The Rural Energy for America program lowers the demand on base plants by
investing in energy efficiency and renewable energy. Lower base load demand conserves wates and help
to reduce greenhouse gases that contribute to climate change. Renewable energy investments can provide
extra resiliency by distributing energy resources.

RBS is investing in alternative fuels, renewable chemicals, biogas, wastewater conservation, and
hawesting combustible forest thinnings for advahbmfuel.

Rural Utilities Service

The Rural Utilities Service (RUS) administers programs that provide clean and safe drinking water and
sanitary water facilities, broadband, telecommunications, and elpotrier generation and
transmission/distribution within all of the Climate Hub regions.

The following programs or measures will help address resiligncgease energy efficiencgnd lessen
the effect of droughts, floodand other natural disasters:

A National Rural Water Association (NRWA) Grant: an energy efficiency program designed to promote
energyefficient practices in small water and wastewater systéhmes program erforms energy
assessments, recommends en&ffigient practices and technologiesgaprovides support in
achieving recommendations.

A Rural Development Rural Utilities ServieePromoting Sustainable Rural Water and Wastewater
Systems (Memorandum of Agreement between the Environmental Protection Agency angd USDA
The goals of this prograare to increase the sustainability of drinking water and wastewater systems
nationwide to ensure the protection of public health, water quality, and sustainable communities, to
ensure that rural systems have a strong foundation to addresse2itsty clallenges, and assist rural
systems in implementing innovative strategies and todiglfmthem achieve sherand longterm
sustainability in management and operations.

A Emergency Community Water Assistance Grafkgse grants assist rural communities tHave
experienced a significant decline in drinking wajeantity or qualitydue to an emergency, when
this decline is considered imminerithe grants help these communitidgain or maintain adequate
guantities of water that meets the standardbyséte Safe Drinking Water AcdCovered energencies
include incidents such dsut not limited todrought, earthquake, flood, tornado, hurricane, disease
outbreak, chemical spill, leakage, or seepage.

A Electric ProgramEnergy Efficiency and Conservationam Program: The prograassiss electric
borrowerdan implementingdemandside management, energy efficiency and conservation programs
and ongrid and offgrid renewable energy systems. Program goals include

0 increasing energy efficiency at the emgkr level;

o modifying electric loado reduceoverall system demand;

0 optimizing theuse of existing electric distribution, transmissiand generation facilities;

0 attracting new businesses and creating jobs in rural communities by investing in energy
efficiency; and

encouraging the use of renewable energy fuels for either desidandhanagement or the
reduction of conventional fossil fuel use within the service territory.

o
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A Principles, Requirements, and GuidelinesgRé): Applying the revised P&ndS in the near future
to RUS water and wastewater program planning will incthéeonsideratiorof climate change
effects, among other factors.

A Rural Development Climate Change Adaptation Planning Document: This document, from June
2012, would apply to all theeRD agencies. The plan was prepared in support of Departmental efforts
to respond to Executive Order 135Federal Leadership in Environmental, Energy, and Economic
Performance) and to USDA Departmental Regulation 40¥0 The planning document discusse
greater efforts at risk assessment and identifies five specific actions related to climate change
planning and adaptation.

A Engineering Design Standards and Approved Materials: The RUS electric program envisions
increased incorporation of climate changtated effects as it revised its standards and materials for
RUSfinanced infrastructure. Some borrowers (e.g., in coastal areas and the Great Plains) have

already received agency approval for “hardened”

5.5 Risk Management Agency

The Risk Management Agency (RMA) provides a variety of actuarially segndance products for

crops and livestock to help farmers and ranchers manage risks related to agricultural production.
Coverage is providefibr agricultural production losses dueusavoidable natural perils such as drought,
excessive moisture, hail, wind, hurricane, tornado, lightning, and insects, 20d.4the Federal crop
insurance program provided®J) agricultural producers with over 82.8billion in protection for
agricdtural commaodities. These policies provide financial stability for agricultural producers and rural
communities, and are frequently required by lenders.

As climate change is an ongoing processfitbguency and severity of environmental rifis

agricultural productiomre also expected to undergmstant changd’roducers can choose to adapt their
management strategies to these challenges by incorpanatingroduction practiceplanting new crop
varieties, owshifting the locatiorof their farming operations.

RMA continually strives to improvprogrammati@ffectiveness by refining insuranoptionsin response
to changes in production practicasdadjusting program parametexs needee.g., premium rates,
planting dates, etc.) withi@ach countyn response to changing crop production riskhose aread.0
those endsRMA monitorsclimate change research amgdate program parameters to reflect
agriculturaladaptatios or other changeis response talimate challengedRMA alsoupdates loss

adjustment standards, underwriting standards, and other insurance program materials to ensure they are

appropriate for prevailing production technologies.

RMA' s Spokane Regional Oof fice (RO) manades insura

Region in Alaska, Idaho, Oregcend Washington.

In 2010, RMA' s crop insurance Natidmal20Ili4a b iRIMAL s

National liability was $109.8 billionThe four states located in the Northwest Climate Hubs Region
accounted for over $3.3 billion in liability in 2010, and this increased to over $4.1 billion in liability in
2014.While the Northwest Region makes up a small book of business for the crop insurance program, it
is an important risk management tool forigrdivestock, fruit,nursery and specialty crop producers.

Over the last five years (2022D14) participationn crop insuranc@as grownCrop insurance liabilities
for Alaska, IdahoandWashington also increased.

T Washington’ s Todmdl.7 billionarb2D10 to bwer $2v&ebillion inf2914
T ldaho's Tot al Liability went from $795 mil |l i
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T Al aska’s Tot al Liability went fr;om $376, 395 in 2z
f Oregon’s Tot al L 5millonhih 2010yandvdecimed taf$628 milligh ih 014.

In Alaska, Idaho, Oreggomand Washingtoover the last five years, the crops with the highest losses
reported due to natural disastemsrewheat,potatoessugar beetsharley,dry peas andnurserycrops In
addition, this Region has numeragpeciality crops and the crops with the highest losses apgiles,
cherries andgrapesProducers also receiveh loss paymentfor the Adjusted Gross Revenue (AGR)
and AGRLite Product (which has been feped with the new Whole Farm Revenue Produnt covered
revenue produced on the whole farm).

In 2014, the crop with the most liability exposure for the top three gtdtdso, Washingon, and Oregon)
waswheat, with a liability of $1.1 billionApples tad the next highest liability with $742 millipwhile
potatoes had liability of $487 million AGR and AGRLite product had a liability of $440 milligrand
cherries had a liability of $257 millioThese five crops/products have the highest liakéigosure for
the Federal crop insurance program in the Northwest Climate Hubs Region.

RMA offices in the Northwest will continue to monitor crop disasters such as freeze, excess precipitation,

and droughtRMA will respond to Approved Insurance Providarsl producer inquiries during these

eventsl n addi tion, RMA’s Spok atoeperoviReRNA leeadqubrter®inf i ce wi |
Washington, D.Cwith estimates of liabilities, lossgand the potential effesbf natural disasters on the

Federal croprisurance program

5.6 Animal and Plant Health Inspection Service

The Animal and Plant Health Inspection Service (APHIS) is responsible for protecting and promoting

U.S. agricultural and forest health, regulating certain genetically engineered organisneine tfier

Animal Welfare Act, and carrying out wildlife damage management activities. APHIS is constantly

working to defend U.S. plant and animal resources from agricultural and forest pests and diseases. Once a
pest or disease is detected, APHIS worksairnership with affected regions to manage and eradicate the
outbreak. In its new Strategic Pfafor 2015, APHIS lists seven goals:

1. Prevent the entry and spread of agricultural pests and diseases

2. Ensure the humane treatment and care of covered vulnarabiels

3. Protect forests, urban landscapes, rangelamisother natural resources, as well as private
working landsfrom harmful pests and diseases

4. Ensure the safety, purity, and effectiveness of veterinary biologics and protect plant health by
optimizing the oversight of genetically engineered organisms

5. Ensure the safe trade of agricultural products, creating export opportunities for U.S. producers

6. Protect the health of U.S. agricultural resources, including addressing zoonotic disease issues and
incidences, by implementing surveillance, preparedaeskresponse, and control programs

7. Create an APHIS for the 21st century that is fpghforming, efficient, adaptable, and embraces
civil rights.

APHIS works to achieve these goals through the actbasveral mission area program staff and support
units. The text below discusses the APHIS programs and their respective responsibilities, as well as their
expected vulnerabilities related to a changing clirreatd the measures in place to minimize ris&m

these vulnerabilities. As an agency with nationwide regulatory concerns, APHIS programs are typically
national in scope and application.

33 http://www.aphis.usda.gov/about_aphis/downloads/APHIS_Strategic_Plan_2015.pdf
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Animal Care (AC)

The mission of the AC program is to protect animal welfaradginisteringhe Animal Welfare Act and
the Horse Protection Act. Aa@lsoprotectshe safety and welbeing of pet owners and their pbis
supportinghe Federal Emergency Management Agency (FEMA).

AC’' s supporting role in t heaybeaffeaddoycclimdte clpaege. Am wner s
increase in storms and the severity of storms as the climate warms may increase the frequency of
evacuationsand these events can be complicated when people are reluctant to evacuate threatened areas
without their petsin anticipation of the increase in emergency response activities, AC proactively

organizes and participates in emergency planning with FEMA, Emergency Support Function (BSF) #11

and other response partner s t otosaturalainagterdi Eheset he Nat
efforts will help reduce the effects of disasters and help people and their animals recover more quickly.

Biotechnology Regulatory Services (BRS)

To protect plant health, BRS implements APHIS regulations for genetically erefingzE) organisms

that may pose a risk to plant health. APHIS coordinates these responsihilitigswith the other

designated Federal agencias part of the Federal Coordinated Framework for the Regulation of
BiotechnologyNo BRS actions aredirdcty “ vul ner abl e” to cli mate chang:¢
would likely affect the distribution of some agricultural crops and other pemBRS actions related to

conducting inspections of field trials for GE plants could be affected. Thereforewihgrareas for

regulated GE plants shift, BRS would need to conduct inspections in those new locations.

BRS has a flexible staffing plan and praciic@lace Not all BRS staffis centrally locatedandthey are

set up to provide mobile inspection sergiederever GE crops are growing in field trials. Additionally,
BRS receives reports each year frpemmit holders conductinfigld trialswith GE crops anduses this
information to plan inspections throughout the life cycle of the field trials. The ifiexdnd regular use

of new information inherent in BRS planning and practice will help minimize risks from climate change.

Plant Protection and Quarantine (PPQ)

PPQ is responsible for safeguarding and promoting U.S. agricultural health. PPQ is constdarily to

defend U.S. plant and forest resources from agricultural pests and diseases. Once a quarantine plant pest
or diseaseditherone not previously found in thgnited Statespr one known to be present and officially

under contrglis detected, PR works in partnership with affected regions to manage and eradicate the
outbreak. PPQ has three strategic goals:

T Strengthen PPQ s;pest exclusion system
T Optimize PPQ's domestic pest; management and erac
1 Increase the safety of agricultutedde to expand economic opportunities in the global marketplace.

In the face of an increasingly variable climate and more erratic weather conditions, PPQ will continue to

play a central role in responding to risk and managing vulnerabilities. In thisityaP#Q operates

primarily on a national level with regional emphasis as needed to address and divert pest inBlgions.

is tasked with assessing risk and predicting where invasive plaanight be introducedhecome

establisked, and spreadrheseassessments are often based on climatic conditions and host availability

from a national perspective. As climate changes, host distribution and landscape conditions deviate from
what is consi ®PPQedsseaersmaint s ar eoftdnacleetgaston avail ab
conditions. As climate changes, the actual relevance of these data may|Es§gdbtity to accurately

predict and understand risk.

34 hitp://www.fema.gov/pdflemergency/nrf/rett 11.pdf
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Some of the challenges in predicting future risk under climate change require a shift from anadging m
responses (e.g., an increase of 2 to 3 degrees temperature on average) and instead focus on trying to
understand how pest invasiveness tnedpotential foestablishmentnay be alterewvith greater weather
variability and more extreme events. For epiamseveral years of warmer than normal weather can
facilitatethe development of invading pest populations and their spread to new areas. Once arriving in
new areas, if such pest populations can secure warmer microclimates to survive the winter, they can
become more prevalent earlier the following season. Anticipating global trade shifts in response to

climate change is another challenge, as is the subsequent risk of new crop pests and diseases associated
with them.

PPQ Science and Technology is partrgsiith other agencies, universities, and the Climate Hubs to
increasats capacityfor obtaining and analyzindata and implemeimg models that inform climate
changespecific policies and pest prograrttgs increasingcapacitywith new platformgor performing

pest risk modeling at regional, national, and global levels. These platforms are designed to model
geographic shifts in climatic suitability and host availabitijyprojectng climate change scenarios onto
the landscapélhe group isalsodevelophg phenological models that can be used to analyze how climate
change and increased weather variability might affect temporal sequencing of pest development and
subsequent population resporBeing able to produce robust projections of such shifts wikawve the
efficacy of earlyPPQdetection surveillance programs conducted in cooperation with States.

Veterinary Services (VS)

VS is responsible for regulating the importation and interstate movement of animals and their products to
prevent the introductioand spread of foreign aninmalestockdiseases. If a foreign animal dise&se

detected in the United States, VS is responsible for responding to the outbreak in coordination with
Statestribes, and producers. VS also regulates the licensing of \atghiologics such as vaccines.

Changing Vector Distribution

A Vulnerabilities:Climate change could mediate changes in the dispersal and redistribution of
arthropod vectorsas well aghe ability of these vectors to transmit economically important
pathogensThis could increase tirepotentialfor spreadingrom areas where they are already
established to new locations. This change in distribution could result in significant indneases
morbidity and mortality to livestock, wildlife, and peopésd couldeduce thenarket value of
animals from affected areas.

A Current measures addressing vulnerabiliti#S conducts passivend activesurveillance for
arthropodbornediseasesuch awesicular stomatitis viru§/SV), equine encephalitis viruses
(EEE, WEE, and VEEY, andhemorrhagic disease vires (EHDV and BTV)? This surveillance
activity may help identify changes in vector populations and inform recommended changes to
disease survednce and production practices. VS could identify othigigation strategies
through further research in this aréaeseprojectscouldinclude using climate models and
scenario analyses to identify geographic areas likely to undergo environmentalsctimatge
would lead to an increased risk of infection with selected pathpgrdsimulating economic
effects of potential vector and pathogen range expansion to livestock and wildlife industries.

Increased WildlifeLivestock Interaction

A Vulnerabilities:Increased pest infestation, fires, and expansion of the wildeungss interface
couldalter wild animal distributios movements, and feeding patterns, thereby increasing contact

35 Eastern, western, and Venezuelan equine encephalitis viruses, respectively.
%6 Epizootic hemorrhagic diseaskus and blue tongue virus, respectively.
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and the potential for disease exchange with agricultural animal populd&mmasxample, the
recentwidespread epidemic of mountain pine beetles throughout the western United States and
Canada may lead to widespread tree death and fires followed by variable regrowth in forested and
transient grassy areas as treegrav. Habitat suitability may improve for species such as elk

and feral swingwhich could increase contact and subsequent disease transmission between these
wild species and livestock.

A Current measures addressing vulnerabiliti¥$ is a collaborator in a negrogram led by
APHIS Wildlife Servicego investigate and mitigagricultural and natural resourdamage and
disease risks from feral swin€S s alsoinvolved in studying and responding to wildkfe
livestock interactiongassociated witklisease transmegion suchas with brucellosis in the Greater
Yellowstone Area.

Heat Stress on Livestock

A Vulnerabilities:In highly optimized, intensive livestock production systems, small changes in
maximum temperatures can reduce productivity through decreases in gagigbr milk
production or through livestodksses

A Potential measures to address vulnerabiliti®asures may includghifting the distribution of
livestock facilities to cooler areas. For example area that includgxmarts of the north central
Plainsandcentral Canada may become more productive for livestock as other areas become too
warm.

Aquaculture

A Vulnerabilities:Marine and freshwater food fish populations have already seen significant
declines due to warming wexs and attendant effects that include acidification, oxygen depletion,
algal blooms, and increased pathogen loads. These effects exacerbate effects of overharvesting,
which hasalreadydepleted many wild fish populatiorReductions in th&vild fish catd, places
more pressure on the aquaculture industiycrease production and mitigate health effeats
fish populations.

A Potential measures to address vulnerabilitiés theaquaculture industrgneets increasing
demanddor fish protein VS will rely more heavily on coordinated effottsat targetisease
control andheimproved health of aquaculture speciéS.workswith the commercial
aquaculture industry and Federal and State agencies to protect and certify the health of farm
raised aquatianimals facilitate their tradeands af eguar d t he Nati on’ s wil c
populations and resources.

Policy and Program Development (PPD)

PPD performs economic, environmental, and other analyses to support APHIS paotivities.
Incorporaing theeconomic and environmental effects of climate chamgelevant agricultural systems
and ecosystemsould increase the robustnesR#D analyses over timePC economic analyses would
be enhanced bybust projectionsf climate change arttheir effects on thedistribution of production

areas for various commoditiezs well asanticipated needs fatomestic and internationeabmmaodity
movementsThese projectionslong with information on pollinators, water, and other resources, as well
asclimatecharge effects on low-income, minority, and tribal communities, will better infoRRD
environmental analyseBPD is incorporating climate change into many of its environmental compliance
activities suchas itsNational Environmental Policy A(NEPA) documents and is leading an agency
wide effort to develop guidance for addressing climate change in NEPA documents.

Wildlife Services (WS)

The mission of WS is to provide Federal leadership and expertise to resolve wildlife cantliateow
people and wildlife to coexist. WS conducts program delivery, research, and other activities through its
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regional and State offices, the National Wildlife Research Center (NWRGsdFidld Stations, as well

as through its National Progran&incethe work of WS is greatly influenced by distributions of wildlife,
which is expected to change under conditions of climate change, much of this work will be changing as
well. The following examples reflect some of those changes that are likaffetbthe Northwest.

Managing diseases spread by wildli@imate change wilprobablyhave dramatic effects on the

distribution of agricultural diseases of concanmtizoonotic diseases, both of which can be spread by

wildlife. It is expected that some areasl\sie a decrease in endemic disease risks, while others may see
new diseases emerge in areas where they were not previously documented. Given the sensitivity of insect
vectors to changes in weathetated variables, it is likely that initial changes isadise distribution

resulting from climate change will take place for those diseases that arebh@tteVS NWRC is

conducting surveillance and research on diseases and vectors to gather baseline data on their distribution
and will use this informatiomiclimate change models and future stutMg§S NWRC also maintains

tissue archives of wildlife samples that are made available for retrospective research on disesses

studies support the documentatiorcbinges in pathogen distribution and prevaenc

Predator managemen#is climate changeshifts inlandscapes and habitaigy resultalong with

changes in prey distribution and abundance. Changes in native vegetatiinclude changes in forage
availability and result in changing tifeedingpatterns of omnivorous predators such as coybtask
bearsmountain lions, and wolves. These shifts will influence the distribution and abundance of predators
and will alter the predictive ability gfredatormodels related to spatial patterns, behawdbundance,

and habitat usdResults of such climataformed models may be needed to inform predator management
strategies in order to adapt to climate chaWg8 NWRC researchers are gathering data on changes in
species distribution and abundance, baraand habitat use for predators from around the country that
are already affected by climate change (e.g., polar b@drs3e studies will provide foundation for
incorporating climate change into studies of species found IoVda®NWRC is also inorporating

climate change models into projections about future habitat availability for predators (e.g., models for
wolverine habitat).

Wildlife management for aviation safeys climate changeshese changes may alter threeding and
wintering ranges fobirdsthat affect aviation safety. Airports and military installatioreed tdbe prepared
to deal withnew challenges associated with changes in bird raimgesding avian migration patterns.
For example, WS hadeveloped migration models for ospreyrelation to military aircraft movements
but these could become obsolétmigration patterns change in response to climate chaRgeger

habitat management is crucialdoccessfully managing wildlife risks associated with aviation activities.
If climate changes affect thesttibution of plant species that grow on airports and military installgtions
habitat management strategies may need to ad#mgse change®VSis gathering data on species and
habitat distributionwhich will faclitate the detction ofchanges in species ranges, migrapatternsand
movement patterns, asdpport the adjustment babitat management strategies accordinglan effort

to identify potentially viabldnabitat types in new areas as conditions chad@éRC is ako researching
alternative land covers that could be used at airports and military installations in the Northwest and across
the United States

Wildlife management to protect agricultuMS conducts research and managemembgntes, feral
swine, beardyeaverand other wildlifethat can have significant effeain agricultural commoditiesuch
as livestock, timber, and crapAs climate changes, the distribution of these spegidghe agricultural
crops they affect will also change. Information on population densitiehaddstribution of target
species is important for understanding how climate changefietit production of agricultural
commodities.
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